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1.0 INTRODUCTION 

This report documents the activities and findings of a soil vapor survey conducted by Dames 
& Moore for Alaska Marine Lines (AML) at their facility located at 7100 Second Avenue SW, 
Seattle, Washington (Figure 1). The soil vapor survey was performed to aid AMLin management 
planning for their underground tanks and to provide preliminary data concerning the potential 
for soil or ground-water contamination at the site. The field work for the soil vapor survey was 
conducted by Dames & Moore personnel on August 6 and 7, 1990. 

1.1 BACKGROUND DATA 

The AML site is a freight management facility where cargo and refrigerated containers are 
transferred between barges and trucks. The site is heavily used by vehicular traffic during 
working hours as containerloads are delivered and loaded. 

Two underground storage tanks (USTs) are located at the AML site, one 10,000-gallon diesel 
UST and one 10,000-gallon gasoline UST. The ages of the tanks are uncertain. A line leak 
associated with the diesel tank was recently repaired, and both of these tanks failed integrity tests 
that were conducted in Aprill990 [ l ]. In addition, a 10,000-gallon gasoline UST formerly present 
at the site was removed approximately five years ago. The approximate locations of the existing 
and former USTs are illustrated on Figure 2. 

It is the intent of AML to bring the tanks and their site into compliance with existing 
regulatory requirements for USTs. They plan to remove their existing USTs, replace them with 
aboveground fueling capabilities, and excavate or remediate any contaminated soil or ground
water associated with the USTs, if present. Because the site is heavily used, it is important for 
AML to plan excavation work so that disruption of site operations is minimized. 

1.2 PROJECT OBJECTIVES AND APPROACH 

The objective for this study was to provide a preliminary assessment of the potential for onsite 
contamination associated with leakage from the existing or former USTs. The approach to the 
project was to conduct a soil vapor survey and to evaluate the presence of anomalous soil gases 
in the area of the existing or former USTs. 

2.0 FIELD INVESTIGATION 

2.1 EQUIPMENT 

The soil vapor probes used in this assessment consisted of three- foot-long, 0. 75- inch-diameter 
steel pipes slotted at one end. Each end of the pipe was threaded so that stainless steel conical 
tips, additional pipe, or vacuum pump tubing could be attached. 

DAMES & MooRE 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

An electric Roto-Hammer was used to drill pilot holes through the concrete and to drive the 
soil vapor probes into the soil. After the probe was driven to the selected depth,. a vacuum pump 
was attached to the top of the probe with a teflon hose and was used to extract soil vapors from 
the probe. The vapor concentration in the pump discharge was measured every minute for three 
or four minutes to evaluate soil gas variability associated with time. The readings were collected 
with a MicroTIP photo ionization detector calibrated with isobutylene. After the tests were 
completed, the probes were removed from the ground, and the pilot holes were backfilled with 
asphaltic patching material. 

All probes were cleaned and decontaminated with an Alconox-water solution, and rinsed with 
distilled water prior to their use for sampling. 

2.2 BACKGROUND SOIL VAPOR CONCENTRATION 

Background soil vapor data were obtained from sample station 001, located southwesterly of 
the USTs (Figure 2). Soil vapors were collected at depths of two, four, and six feet to evaluate 
variations in soil vapor concentration with depth (Table 1 ). Readings were not collected at greater 
depths because ground water was encountered at six feet. The results indicate that the highest 
soil vapor readings were obtained at a depth of four feet, but the readings at all depths were 
generally very similar. In addition, the readings collected each minute of the test were similar. 
It was decided to collect soil vapor samples from a depth of two feet because less time was 
required to remove probes from the two-foot depth than from the four-foot depth, and the results 
fram the two-foot depths were similar to the readings obtained from the four-foot depth. The 
results from sample station 001 indicate that background readings are less than 10 ppm. 

2.3 EXISTING USTS AREA 

Figure 2 illustrates the location of each sample station and the vapor reading obtained from 
that station. Concentration contours representing the approximate extent of soil vapors that are 
of equal concentration were calculated from the sampling data and are also shown on Figure 2. 

The survey began with sample stations located as near as possible to each side of the existing 
USTs and continued outward at approximately 20-foot spacings until background soil vapor 
values (approximately 10 ppm) were obtained. The highest reading (368 ppm) was obtained from 
sample station 020, located near the southeast corner of the shop. This anomalously high reading 
may indicate some localized spillage in that area. Readings between 273 and 10 ppm 
(background) were present in a relatively large area west of the fuel pumps near the USTs and 
associated piping. An anomalously high value (100 ppm) was obtained at sample station 022 
which is located southeast of the USTs outside of the. main 100 ppm concentration contour. The 
cause of this high reading is not known, but this result may indicate that spillage has•occurred or 
that another unidentified source of organic vapors is located in this area. 

The results of the survey performed near the existing USTs indicate that elevated 
concentrations of soil vapors are present in an area approximately 150 feet by 100 feet. The data 
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appear to be reliable because the readings show a steady decrease in soil vapor concentrations 
away from a known potential source of contamination (the USTs), as would be expected. 

2.4 FORMER UST LOCATION 

Ten soil vapor stations were sampled near the location of the former UST-(Figure 2). The 
highest value in this area was 100 ppm which was obtained from station 002. The remainder of 
elevated soil vapor readings form a northerly-trending linear feature. The cause for this linear 
feature was not readily apparent until AML employees remembered that a line of approximately 
five gas pumps was formerly located in this area. The soil vapor data therefore appear reliable 
because the soil vapor concentrations decrease away from this known potential source of soil 
vapors, as would be expected. Time constraints did not allow complete definition of the northern 
extent of the linear feature. 

3.0 DISCUSSION 

3.1 LIMITATIONS OF SOIL VAPOR SURVEYS 

Soil vapor surveys are based on the assumption· that soil vapor gas measurements are linearly 
correlated to the level of volatile constituents present in the soil or ground water. Although the 
data do not represent the absolute levels of volatile constituents present in the subsurface, they 
can be calibrated with the results from analytical tests of soil samples collected near soil vapor 
sample stations. Based on the assumption that the measured soil vapor concentrations are linearly 
correlated to the concentrations of volatile constituents in the soil, the remainder of the soil vapor 
readings can thus be converted to the volatile concentrations actually present in the soil. 

Soil vapor surveys have been shown many times to be an effective means by which subsurface 
contamination can be screened. The results of a soil vapor survey, however, are interpretive-and 
should not be used without recognizing that problems are sometimes associated with soil vapor 
data. Some of the most significant problems are explained below. 

a. Volatile components measured by the field instrument may originate in the soil at a 
significant distance from the sample station. If significant migration of soil vapors has 
occurred, the results of a soil vapor survey would result in an overestimation of the 
amount of actual soil contamination that may be present. 

b. The volatile components that are measured may originate from either the soil or the 
ground water; hence, it is not possible to identify the true source of the organic vapors 
without additional study. 

c. Factors such as naturally occurring variations in the soil-air composition and humidity at 
a site are known to affect the response.of detection instruments to organic vapors; Vari-

c-008-005\AML.RPT 3 
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ations in such factors may result in a non-linear correlation between measured and actual 
soil vapor concentrations. 

d. The correlation between soil vapor readings and the actual concentration of organic 
components in the soil can only be determined with analytical testing of site soil. In other 
words, it is not known if site soil containing 100 ppm of total petroleum hydrocarbons 
(TPH) will result in a soil vapor reading of I ppm or 50 ppm. 

Therefore, although we believe the data obtained from this survey is reliable, we cannot guarantee 
that the survey accurately reflects the extent of potential contamination at the site. Sampling and 
analysis of soil and ground water will be required to quantify the extent of contamination. If a 
linear correlation exists between the soil vapor data and the levels of contaminants that are 
actually present in the soil, then the results of the soil vapor survey will significantly reduce the 
amount of analytical data that will be required to evaluate the possible extent of contamination. 

3.2 REMEDIAL PLANNING 

The results of the soil vapor survey indicate that a large area near the existing and former 
USTs may be impacted by leakage from the USTs. It is not known at this time if these readings 
represent petroleum contamination in the soil, ground water, or both soil and ground water. For 
discussion purposes, however, we assume that site ground water does not exceed regulatory 
cleanup criteria. The shallow nature of the site ground water would suggest that this is an 
unrealistic assumption; however, the distribution of elevated soil vapor readings with respect to 
the potential sources suggests that vapors are more likely to be associated with soil than ground 
water. The elevated soil vapor readings appear to be uniformly distributed around the sources 
rather than elongated in the direction of assumed ground-water flow, as would be expected if the 
vapors were associated with the ground water. Therefore, because it does not appear that ground 
water has been adversely impacted, we have limited the following discussion of remedial options 
to remediation of potentially contaminated soil. 

An outline of some options available to AML for addressing future remediation of potentially 
contaminated soil at the site is provided below. This discussion is based on the following 
considerations: 

• The environmental laws and regulations that are currently in effect in the state of 
Washington 

• The results of the soil vapor survey 

. • The experience Dames & Moore has had in providing soil remediation systems at other 
facilities 

• The expressed intent of AML to reduce or remove potential environmental hazards at the 
site. 

c-008-005\AML.RPT 4 
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Although the extent of soil that exceeds regulatory cleanup criteria is not yet know, we 
estimate, based on previous similar studies, that the 20 ppm contour (Figure 2) represents the 
extent of contaminated soil that may exceed regulatory criteria. For the purpose of the following 
discussion, we have made the following simplifying assumptions: 

• The 20 ppm contour represents the extent of soil that exceeds the- cleanup criteria 
contained in the July 27, 1990 amendments to the Washington State Model Toxics Control 
Act (MTCA). 

• All soil within the 20 ppm contour, and between ground surface and the water table, 
requires remediation. Ground water is estimated to be at a depth of approximately six 
feet. 

• Ground water contamination is not present. 

• The discussion is limited to the potential contamination associated with the existing USTs 
and does not include the area near the former UST. The discussion is limited to the 
existing UST area because AML's current focus is to decide how much soil should be 
excavated at the time the USTs are removed and because the full extent of potential . 
contamination in the area of the former UST has not been delineated. · 

Sl II liP llltnrrnn a q I I fd in the following paragraphs to describe alternative . 
approaches to soil remediation for the site. The five options are listed below and depicted on · 
Figure 3. Table 2 summarizes the advantages and disadvantages of each option and· Table 3 
provides estimated ranges of costs associated with the implementation of each option. · 

Option 1 -1111••n•1 ••••1•••1•n~fJ!r•· 
Implementation of this option removes the source of subsurface contamination. It~es 
t · ' · · ·· · nd/ or migrate off -site with 
time. 

Option 2 Sl7?111 I ua ··e·-----------

Implementation of this option re:!l~··••••••••••lliiiiii•IIJikWil 
The soil th~t is excavated can either be: a) 

' ~ ~, • ~ J' 'i. •., ~'4< r 

• ., ,; • • • • I 

cagz l4or b) lanctJII 1 d. Table 3 provides estimated costs for both the disposal and 
landfarming options. 

Option 3 -Remove the USTs; excavate and landfarm soil within the 100 ppm contour; remediate 
soil between the 20 and 100 ppm contours with in-situ remediation techniques, such as soil vapor 
extraction or bioremediation. 

c·008·005\AHL.RPT 5 
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with long-term techniques. Soil vapor extraction and bioremediation are common 
remedial techniques for petroleum contamination but they require extended periods of 
time to achieve cleanup levels. The amount of time that is required depends upon 
subsurface conditions, such as soil type, and the system design. 

Option 4- JtliQJffzlJiilii exci!IJO 1'1 IMitlllllfiMfW~r. 

This option removes the source of subsurface contamination and quickly remediates all 
soil that exceeds regulatory cleanup criteria. As explained for Option 2, the excavated soil 

could either be disposed or landfarmed.llfil f?liJullli•UitiltiatltUI! L t Bll Uft #is 
----ltle3. 

Option 5 - Remove USTs; remediate all soil within the 20 ppm contour with in-situ techniques, 
such as soil vapor extraction or bioremediation. 

This option removes the source of subsurface contamination and remediates any 
contaminated soil with long-term techniques. 

These remedial options are provided to illustrate the types of considerations that apply to 
remediation of a site. The cost estimates are preliminary and are based on the assumed extent of 
contamination indicated by the soil vapor survey. The estimates do not include the cost associated 
with AML's management involvement nor interruptions to AML operations. 

3.3 SUMMARY AND CONCLUSIONS 

Soil vapor surveys were conducted at the AML site near two existing USTs and one former 
UST. The survey data correlates well with results that would be expected if the former and 
existing USTs and associated piping have released fuel to the subsurface. The results of the soil 
vapor survey need to be calibrated with laboratory tests of site soil and ground water so that the 
extent of soil or ground water that exceeds proposed regulatory cleanup criteria, if any, can be 
evaluated. 

3.4 RECOMMENDATIONS 

Based on the previous discussions, the results of our soil vapor survey, and our previous 
experience with similar projects, we recommend the following course of action: 

a. \Jt IfiJil!Jgl!ltlflWIIIIIIJfiJIIfl@-tl& 1 tr .llllll•umllltLJJJM.flltiJ~"' 
ce. 
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b. Conduct a soil and ground-water assessment to provide calibration data for the soil vapor 
survey, evaluate the potential for ground-'water contamination, and collect samples by 
which in-situ remedial techniques can be evaluated. 

c. Based on the results of the soil and ground-water assessment, re-evaluate remedial options 
for the site. 

d. Select a remedial plan that best addresses the issues of regulatory concerns, cost, future 
site use, and impact to current site operations. 

e. Report the investigative findings and proposed remedial action plan to the Washington 
Department of Ecology. 

f. Remove the USTs and implement the remedial action plan. 

3.5 LIMITATIONS OF STUDY 

Dames & Moore has performed this work, made the findings, and proposed recommendations 
in accordance with generally accepted environmental science practices in effect in the Seattle, 
Washington metropolitan area at the time the work was performed. It should be recognized that 
this study was not intended to be a definitive assessment of contamination at the site, but an 
evaluation of the potential for contamination. Opinions and recommendations provided herein 
apply to site conditions existing at the time of our assessment and those conditions which we have 
been able to reasonably foresee. Opinions and recommendations provided do not necessarily apply 
to site changes of which this office is not aware and has not had the opportunity to evaluate. It 
must also be understood that changing circumstances in the environment and in the use of the 
property can alter the validity of conclusions and information contained in this report. Dames 
& Moore is not responsible for data obtained from other sources. 
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- 500 MARKET PLACE TOWER, 2025 FIRST AVENUE, SEATTLE, WASHINGTON 98121 

(206) 728-0744 

Alaska Marine Lines 
5615 W. Marginal Way 
Seattle, W A 98106 

Attn: Mr. Bill Troy 

Dear Mr. Troy: 

October 29, 1990 

Confirming Agreement 
Site Assessment 
7100 Second A venue SW 
Seattle. Washington 

This letter is to confirm that we are proceeding under your authorization to evaluate the 
presence of petroleum in soil and ground water and remedial alternatives for the Alaska 
Marine Lines (AML) facility located at 7100 Second Avenue SW in Seattle, Washington. A 
preliminary assessment of this site was conducted by Dames & Moore in September 1990 using 
a soil vapor survey m. During this survey. anomalous soil vapors were detected in a large area 
of the site; however, the highest concentrations (200-300 ppm) were found in the vicinity of 
the underground storage tanks. Elevated vapor concentrations (up to 100 ppm) were also 
detected near an area where an underground gas tank and associated pumps were previously 
located. 

We understand that it is the intent of AML to bring the site into compliance with 
regulatory requirements. This work plan describes a series of tasks that will evaluate the 
levels of petroleum products in the soil and ground water and evaluate potential remedial 
alternatives for the site. Completion of the tasks described in this work plan are expected to 
yield sufficient information to select an appropriate technique for remediating the site if the 
site ground water quality bas not been impacted. If significant ground water contamination 
is identified, additional investigative activities may be warranted. We understand that the site 
is heavily used and remedial actions must be designed to minimize site disruption. 

OVERALL APPROACH 

The soil vapor survey provided preliminary information regarding the potential extent of 
petroleum in the subsurface, but the information is not sufficient to evaluate the extent of soil 
or ground water that exceeds proposed cleanup criteria for fuel products. Therefore, the 
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initial tasks of this work plan involve defining the concentrations and extent of petroleum at 
the site. 

After the extent of petroleum in the subsurface has been defined, a list of potentially 
applicable remedial technologies will be developed. These technologies will be evaluated 
based upon cost effectiveness, implementability, and compliance with environmental 
regulations. Based upon this evaluation, a remedial alternative will be recommended for 
implementation. 

SCOPE OF WORK 

We have divided our proposed scope of work into four separate work tasks. A description 
of the activities that will be performed and the estimated cost for each task is provided below. 

Task 1: 
Estimated cost: 

Install Ground Water Monitoring Wells and Drill Soil Borings 
$13,000 

Dames & Moore will install four ground-water monitoring wells on the AML site. The 
wells will be drilled to approximately IS feet below ground surface. The purpose of the wells 
is to assess the potential for petroleum constituents in ground water and to determine the 
direction of ground water flow beneath the site. Soil samples will be collected during drilling 
at depths of 2, 5 and 10 feet below ground surface and screened using an organic vapor 
monitor (OVM). Ground water samples and selected soil samples will be collected from each 
well and analyzed for total petroleum hydrocarbons (TPH) and benzene. toluene, ethyl benzene 
and xylene (BTEX). 

Four soil borings will be also drilled as part of this task. Each boring will be placed near 
a former soil vapor probe location. Soil samples will be collected from these borings and field 
screened for organic vapors using the OVM. Selected samples will be submitted for laboratory 
analysis of TPH and BETX. The lab results will be correlated, if possible, to the soil vapor 
readings. This correlation will be used to estimate TPH/BTEX concentrations in other areas 
of the site. 

In order to assess the vertical profile of the petroleum contamination, three samples will 
be collected from each boring at depths of approximately 2, 5 and 10 feet below ground 

A-008·[·1·005\Troy.Ltr 
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Task 2: 

Estimated Cost: 

Estimate area and volume of soil requlrln& remediation and identify 
c:andidate remedial tec:bnolo&les 
$5,000 

Based on the data collected in Task I, Dames & Moore will evaluate the correlation 
between the soil vapor readings (obtained in September) and the results of analytical testing. 
If a linear correlation exists between the two sets of data, we will calculate the volume of soil 
that requires remediation. A list of candidate technologies will also be developed as part of 
this task. Based on current information on the site, we anticipate including excavation with 
off-site disposal, land farming, soil vapor extraction and bioremediation as candidate 
technologies. Any additional field data necessary to evaluate the candidate technologies will 
be collected during this task. For budgetary purposes we have assumed a soil vapor extraction 
pilot test will be needed. 

Task 3: 
Estimated c:ost: 

Evaluation of Candidate Tec:bnolo&ies 
$3,000 

Candidate technologies will be evaluated for cost effectiveness, implementability and 
compliance with environmental regulations. To evaluate cost effectiveness, rough cost 
estimates will be prepared for each candidate technology. Both capital and operating and 
maintenance costs will be estimated. The implementability criteria will include the impact 
of the technology on current site activities, the time required to implement the technology and 
the general complexity of the technology. In evaluating the technology for compliance with 
environmental regulations, we will consider proposed clean-up standards contained in the 
Model Toxics Control Act as well as proposed state ground water quality standards. 

Task 4: 
Estimated Cost: 

Prepare Report 
$5,000 

Dames & Moore will prepare a report documenting the work performed and the results 
of our studies. The report will evaluate the potential extent of any identified contamination 
and recommendations for additional study, if required, and remedial actions if possible. 
Estimated costs and implementation schedules for any proposed work will also be provided. 

A-008·[·)·005\Troy.ltr 
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Task 4: 
Estimated Cost: 

Prepare Report 
$5,000 

Dames & Moore will prepare a report documenting the work performed and the results 
of our studies. The report will evaluate the potential extent of any identified contamination 
and recommendations for additional study, if required, and remedial actions if possible. 
Estimated costs and implementation schedules for any proposed work will also be provided. 

The total estimated cost for Tasks I through 4 is $26,000. Actual cost for the work will 
depend upon conditions encountered in the field at the time the work is conducted. 

This work will be conducted in accordance with the terms and conditions of the Service 
Agreement between Alaska Marine Lines and Dames & Moore dated June I, 1990. If you 
have any questions concerning our scope of work, please call at your convenience. 

cc: Bob Strong, Lynden Inc. 

Very truly yours, 

DAMES & MOORE 

~0 f!A/7 t. ~ t 
Susan C. Kent 
Project Manager 

w~~ 
Wanda Schulze 
Project Engineer 

References 

[1] Dames & Moore, September 1990, Report of Soil Vapor Survey, 7100 Second Avenue SW, 
Seattle, Washington, prepared for Alaska Marine Lines8/ 
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I 
I TABI,E 1 

SOIL VAPOR MEASUREMENTS 

I ALASKA MARINE LINES 
SEATTLE, WASHINGTON 

I PROBE LOCATION PROBE DEPTH TIME SOIL VAPOR MAXIMUM 

I 
(feet) (actual) READINGS (ppm) (ppm) 

001 2 1043 3.5 5 
1044 3.5 

I 1045 5.3 
1046 5.0 

I 
002 4 1051 8.2 8 

1052 8.0 
1053 8.3 

I 001 6 1101 3.4 3 
1102 3.3 
1103 3.5 

I 002 2 1131 85 95 
1132 83 

I 
1133 90 
1137 95 

002 4 1148 105 107 

I 1149 107 
1150 106 

I 
003 2 1141 12.0 30 

1142 16.2 
1143 30.2 

I 004 2 1211 9.4 10 
1212 9.9 
1213 9.6 

I 005 2 1221 7.3 7 
1222 7.4 

I 1223 7.4 

006 2 1234 76.5 80 
1235 77.8 

I 1236 80.0 

I 
0·008·[·]·005/akmarine.tbl 

I 
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I 
I PROBE LOCATION PROBE DEPTH TIME SOIL VAPOR MAXIMUM 

I 
(feet) (actual) READINGS (ppm) (ppm) 

007 2 1413 212 272 
1414 202 

I 1415 271 
1416 272 

008 2 1508 245 248 

I 1509 245 
1510 248 

I 009 2 1429 67.4 67 
1430 66.5 
1431 66.8 

I 010 2 1436 68.2 73 
1437 72.6 

I 
1438 73.5 

011 2 1442 140 145 
1443 143 

I 1444 145 

012 2 1517 48.0 49 

I 1518 49.2 
1519 48.7 

013 2 1530 43.1 44 

I 1531 43.5 
1532 44.2 

I 
014 2 1536 42.9 43 

1537 42.6 
1538 43.0 

I 015 2 1601 65.8 67 
1602 65.3 
1603 66.6 

I 016 2 1607 20.0 22 
1608 21.8 

I 1609 21.8 

017 2 1613 17.6 . 
20 

1614 17.1 

I 1615 19.6 

I 0·008·[·]·005/akmarine.tbt 

I 
I DAMES & MOORE 



I 
I PROBE LOCATION PROBE DEPTH TIME SOIL VAPOR MAXIMUM 

I 
(feet) (actual) READINGS (ppm) (ppm) 

018 2 1620 5.6 6 
1622 5.3 

I 1623 5.5 

019 2 1643 143 146 
1645 145 

I 1646 146 

020 2 1652 351 368 

I 1653 365 
1654 368 

I 
021 2 1704 8.6 9 

1705 7.0 
1706 6.2 

I . 022 2 0932 98.2 100 
0933 99.0 
0935 99.8 

I 023 2 0948 10.1 10 
0949 8.6 

I 0950 8.1 

024 2 1002 36.0 38 
1003 37.1 

I 1004 37.8 
1005 37.7 

I 
025 2 1045 35 40 

1046 38 
1047 40 

I 026 2 1108 10.8 11 
1109 11.1 
1110 10.4 

I 027 1133 8.5 10 
1134 9.1 

I 1135 9.6 

028 2 1200 1.8 2 
1201 2.1 

I 1202 2.2 

I 
0-008-£·]·005/akmarine.tbl 

I 
I DAMES & MoonE 



I 
I PROBE LOCATION PROBE DEPTH TIME SOIL VAPOR MAXIMUM 

I 
(feet) (actual) READINGS (ppm) (ppm) 

029 2 1450 62 65 
1451 65 

I 1452 65 

030 2 1507 41 42 
1512 42 

I 1513 42 

031 2 1529 82 84 

I 1530 84 
1531 83 

032 2 1558 27 30 

I 1559 29 
1600 30 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I D-008-[-J-005/akmarine_tbl 

I 
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I. 

2. 

3. 

4. 

5. 

TABLE 2 
ADVANTAGES AND DISADVANTAGES OF REMEDIAL OPTIONS 

ALASKA MARINE LINES 

ALTERNATIVE 

111 .. :11 

Remove USTs; 
excavate soil 
within I 00 ppm 
contour; remediate 
soil within 20 and 
I 00 ppm contours 
with in-situ 
techniques. 

Remove USTs; 
excavate soil 
within 20 ppm 
contour. 

R 3 llfifj 
r. r I llil poil .I I.J.itu 

t;ral ~ 

SEATTLE, WASHINGTON 

• 
• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

ADVANTAGES 

1 I II lltillilili!If~ 
Removes source of 
contamination. 
Least disruption to 
site activities. 

Removes source of 
contamination. 
Removes worst of 
contaminated soil. 
Could be planned 
for minimal 
interruption to site 
activities. 

Achieves regulatory 
compliance. 
Quickly removes 
worst of the 
contaminated soil. 

Achieves regulatory 
compliance. 
Quick solution . 

A SillPry 
~'" c 

M'& 1111111" 

• 

• 

• 

• 

• 

DISADVANTAGES 

as 

Requires long-term 
commitment to 
remedial effort. 

Expensive . 

fir tritii&;;~erm 
c s iJillit to 
t .... #()rt. 

c·008·005\AML.RPT 
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TABLE 3 
ESTIMATE COST RANGES 

REMEDIAL OPTIONS 
ALASKA MARINE LINES 

DRIFitlh1 
Remove USTs 
Engineering 

, 11111' 
Remove USTs 
a) Excavate/dispose soil 

within I 00 ppm contour 
b) Excavate/landfarm soil 

within 100 ppm contour 
Engineering 

OPTION 3 
Remove USTs 
Excavate/landfarm soil within 

100 ppm contour 
Remediate soil in-situ within 

20-100 ppm contour 
Investigative costs 
Remedial costs 

OPTION 4 
Remove USTs 
a) Excavate/dispose soil within 

20 ppm contour 
b) Excavate/landfarm soil within 

20 ppm contour 
Engineering 

OPTION 5 
Remove USTs 
Remediate soil in-situ 

Investigative costs 
Remedial costs 

LINE 
TOTALS 

(x $1 ,000) 

$17 
$3-5 

$17 

$135-155 

$55-75 
$5-15 

$17 

$55-75 

$25-50 
$40-70 

$17 

$400-500 

$150-170 
$15-50 

$17 

$25-50 
$40-70 

OPTION 
TOTALS 

(x $1,000) 

• p. 

a) 157-187 
b) 77-107 

$137-212 

a) $432-567 
b) $182-237 

$82-137 

DAMES & MooRE 
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ASSUMPTIONS FOR ESTIMATING REMEDIAL COSTS: 

1. The estimated costs on Table 2 are provided to AML only for budgetary planning 
purposes and are based on our experience with investigations and remediations at 
other similar sites. These estimates are not intended as a bid or proposal from Dames 
& Moore, nor are they intended to accurately represent actual costs. that may be 
incurred during the course of remediation at the AML site. The extent of remediation 
that may be required at the site remains to be evaluated, and until such an evaluation 
has been completed, any costing is preliminary in nature. These numbers are provided 
as a service to AML to convey the types of options and considerations that AML will 
face at some point in the future. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

The 20 ppm contour illustrated on Figure 2 is assumed to represent the extent of soil 
that exceeds the cleanup criteria contained in the July 27, 1990 ammendments to the 
Washington State Model Toxics Control Act (MTCA). This assumption is made for 
discussion purposes only and is not intended to suggest that the extent of soil that 
exceeds MTCA criteria is actually represented by the 20 ppm contour. · 

Our calculations assume that all soil within the 20 ppm contour, and between ground 
surface and the water table, requires remediation and that ground water is present at 
a depth of approximately six feet. These assumptions are made for calculation 
pruposes only and are not based on supporting data. 

Ground-water contamination is assumed to not be present. Ground- water quality 
data for the site are not available at this time, but this assumption has been made to 
limit the discussion of remedial options. 

Only the area near the existing USTs is included in the cost estimates. The apparent 
extent of anomalous soil near the former UST tank is not fully delineated, and hence 
it is difficult to quantify estimated costs for that area at this time. 

The cost for removing the existing tanks was previously provided to AML by another 
contractor. 

Engineering costs are estimated to be a minimum of $3,000 or ten percent of total 
contractor cost, whichever is greater. 

The area within the 20 ppm contour was calculated to contain approximately 2,800 
cubic yards (cy). Assuming 1.5 tons/cy, this area was calculated to contain 
approximately 4,200 tons of soil. The area within the 100 ppm contour was calculated 
to contain 830 cy (1,250 tons) of soil. 

Specific unit costs used in the calculations include: 
Excavation: $10/cy 
Backfill: $6/cy 
Transport: $10/ton 
Paving: $1.20/sf 
Disposal: $80/ton 

DAMES & MooRE 
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10. In-situ techniques are long-term efforts that can require between one and 30 years for 
completion. The estimated remedial costs provided in Table 3 do not include 
operational and maintenance costs associated with long-term monitoring of in-situ 
remedial systems. 

DAMES & MOORE 
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1. Remove only USTa. 
·""'~· 

4. Exc.vate USTa and aoll within 20 ppm contour. 

1J27il0j • 

••• 

2. Remove USTa and aoD ;,within 100 ppm contour. 

5. Excavate USTa and remedlate eol with l!!...!l!Y technique&. 

3. Remove USTa and aoll within 100 ppm contour; remedlate 
soU within 20 and 1 00 ppm contour• with ln...ll.tY technlquea. 

LEGl!ND: 

• Excavation Area 

D ~l.lll!! Remediation Area 

Flgwre 3 

Remedial Options 
Alaska Marine Lines 

Seattle, WA 
~--------------------------------------------------------------------------------------------------------------Dames&Moore 
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DAMES & MOORE APROFESSlONALLlMITEDPARTNERSHIP - 500 MARKET PlACE TOWER, 2025 FIRST AVENUE, SEA TILE, WASHINGTON 98121 
(206) 728-0744 

Mr. Bill Troy 
Alaska Marine Lines 
5615 West Marginal Way SW 
Seattle, WA 98106 

Dear Mr. Troy: 

February 26, 1991 

Draft Report 
UST Closure 
7100 Second A venue 
Seattle. Washington 

Transmitted herein are two copies of the subject report for your review. If you have any 
questions or comments concerning the draft report, please call at your convenience. After we 
have received your review, we will issue a final report. 

cc: Bob Strong (Lynden, Inc.), two copies 

C-012·005\AHL·1110.RWP 
21048·001·005 

Yours very truly, 

DAMES & MOORE 

Susan C. Kent 
Project Manager 

OFFICES WORLDWIDE 

DISDocLabel
02/26/91 : Corporate Legal : Alaska Marine Lines, Inc. 08 : Environmental Report : Dames & Moore Draft UST Closure Report 7100 2nd avenue 022691 : �



DAMES & MOORE A PROFESSIONAL LIMITED PARTNERSHIP. 

Mr. Bill Troy 
Alaska Marine Lines 
7100 2nd Avenue SW, 
Seattle, Washington 98106 

Dear Mr. Troy: 

February 26, 1991 

Draft UST Closure Report 
7100 2nd A venue SW 
Seattle. Washington 

This report documents the permanent closure of two underground storage tanks (USTs) 
located at the above referenced site. 

BACKGROUND 

Two USTs of unknown age were located in a single excavation zone at the project site: one 
10,000-gallon diesel UST and one 10,000-gallon gasoline UST. Both of these tanks were 
reported to have failed integrity tests that were conducted in April 1990 [ 1 ]. The results of 
a soil vapor survey conducted by Dames & Moore in September 1990 [2] suggested that 
leakage of petroleum products may have occurred from the USTs and/or associated piping; 
however, the extent of potentially contaminated soil and/or ground water was not evaluated. 

A soil and ground water assessment was performed between October and December 1990. 
The results of that work [3] identified only a limited amount of petroleum hydrocarbons in 
the subsurface that is directly associated with the two UST's. 

It is the intent of AML to bring the USTs and their site into compliance with existing 
regulatory requirements for USTs. AML has removed the USTs and plans to remediate any 
soil or ground water that poses unacceptable risk to human health or the environment. 

PURPOSE 

The purpose of this assessment was to document UST closure and to evaluate the potential 
presence of fuel constituents in soil and ground water during the removal of the USTs. This 
assessment is required under federal and state regulations. The general procedures for the 
contamination assessment are outlined in the following: 



DAMES & MOORE ·" PROFEO'SlUNAl LIMITE!ll'ARTNERSHIP 

Alaska Marine Lines 
February 26, 1991 
Page 3 

Code of Federal Regulations, "Technical Standards and Corrective Action Requirements 
For Owners and Operators of Underground Storage Tanks," 40 CFR, Subpart G, Section 
280.72. 

Washington Administrative Code, "Proposed Underground Storage Tank Regulations," 
dated August I, 1990, WAC 173-360-390. 

SCOPE OF WORK 

The principal tasks completed by Dames & Moore during the assessment are listed below: 

I. Observed the excavation of a 10,000-gallon diesel UST and a 10,000-gallon 
gasoline UST, hereinafter referred to as Tanks 1 & 2, respectively. The two USTs 
were located in a single excavation zone south of the refrigeration (refer) shop 
(Figure 1). 

2. Submitted one soil sample, (SS-1) collected from the bottom of the excavation 
zone for laboratory analysis of total petroleum hydrocarbons (TPH). 

TANK CLOSURE ACTIVITIES 

On January 24, 1991, Dames & Moore oversaw the removal of two USTs by B & C 
Construction (B & C). B & C began closure activities by disassembling the pump dispensers 
and demolishing the asphalt and concrete paving covering the tops of Tanks 1 & 2 with a 
hydrohammer. Following the removal of the paving with a trackhoe, the asphalt and concrete 
was loaded into a dumptruck and removed from site. The paving is reported to have been 
disposed of at Coal Creek Landfill. Once the paving was removed, Northwest Envirofield 
Services (NWES) pumped and rinsed the remaining product from the tanks. The pump and 
rinse certificate is provided as Attachment A. Soil was then excavated and the tops of Tanks 
1 & 2 were exposed. The tanks were approximately four feet below top of asphalt (TOA) and 
the spacing between the tanks was approximately three feet. All soil removed from the tank 
excavation zone was stored on asphalt paving surrounding the perimeter of the excavation 
zone. 

C·012·005\AML·1110.RWP 
21048·001·005 
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Alaska Marine Lines 
February 26, 1991 
Page 4 

On January 25, 1991, B & C inerted Tanks I & 2 with C02 (dry ice). Lieutenant 
VanTrojen, with the Seattle Fire Department, witnessed the inertion. After receiving 
approval from the Fire Marshall, the tanks were removed and a visual inspection of the tanks 
revealed minor pitting and corrosion, no cracks or holes were observed. B & C Construction 
transported the tanks by flatbed to their facilities. The Tank Disposal Receipt is provided as 
Attachment B. After the removal of the tanks, excavation dimensions were approximately 
twenty feet wide by thirty-five feet long and approximately fifteen feet deep. 

One soil sample (SS-1) was collected from the bottom of the excavation zone and only SS
t was submitted for laboratory analysis of total petroleum hydrocarbons (TPH) by Modified 
EPA Method 8015. All excavated soil was returned to the excavation and compacted. Filter 
fabric was placed over the backfill and approximately seven vertical feet ( 195 cubic yards) 
of crushed rock was placed on top of the filter fabric. The excavation zone is to be resurfaced 
at a later time. 

SOIL AND GROUND WATER ASSESSMENT 

Figure 2 illustrates the subsurface conditions near the UST excavation zone. In the tank 
excavation zone, the backfill material consisted of fine to medium sand. Around the 
perimeter of the excavation zone, the soil lithology consisted of an upper three feet of fine 
to medium sand underlain by approximately two feet of silty sandy clay. Fine sand underlaid 
the layer of silty sand. Ground water was not encountered during excavation activities. 

Excavated soil was visually stained from light grey to black and emitted strong petroleum 
odors. A petroleum sheen was present on the soil within the excavation zone at a depth of 
approximately fourteen feet. 

The analytical report for the soil sample is included as Attachment C. The results indicate 
that the soil in the excavation zone area does not exceed the proposed cleanup levels for 
petroleum fuel constituents contained in the Model Toxics Control Act Amendments dated 
February 28, 1991 (MTCA). Additional soil samples were not collected at the time of 

C·012·005\AML·1110.RWP 
21048·001-005 
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excavation due to the extensive soil and ground water sampling which was performed prior 
to the removal of the two UST's [3]. 

SUMMARY AND RECOMMENDATIONS 

A 10,000-gallon diesel UST and a 10,000-gallon gasoline UST have been removed from 
the AML site along with piping and ancillary equipment. Ground-water was not encountered 
during the excavation activities. The excavation has been backfilled and compacted. 
Analytical results indicate that the TPH levels in soil do not exceed the newly established 
MTCA cleanup levels for TPH. It should be noted that federal regulations require the site 
owner and/or operator to retain this report and that it should be available for review for a 
minimum of three years. 

CONCLUDING REMARKS 

Dames & Moore has performed this work, made the findings, and proposed the 
recommendations described in this report in accordance with generally accepted 
environmental science practices in effect at the time the work was performed. Opinions and 
recommendations provided herein apply to site conditions existing at the time of our 
assessment and those conditions which we have been able to reasonably foresee. Opinions and 
recommendations provided do not necessarily apply to site changes of which this office is not 
aware and has not had the opportunity to evaluate. It must also be understood that changing 
circumstances in the environment and in the use of the property can alter the validity of 
conclusions and information contained in this report. 

C-012·005\AML·1110.RWP 
21048-001·005 



DAMES & MOORE APR<lFESSIONALLIMlfEDPARTNERSHIP 

A Iaska Marine Lines 
February 26, 1991 
Page 6 

It is a pleasure to continue our services for Alaska Marine Lines. If you have any 
questions concerning this project, or if we can be of further assistance, please do not hesitate 
to call. 

Attachments 

Figure I 
Figure 2 
Pump and Rinse Certificate 
Certificate of Tank Disposal 
Analytical Results 

C·012·005\AML·1110.RYP 
21048·001·005 

Sincerely, 

Dames & Moore 

1ij tUL a. d_,d_ 
~ark A. Chandler 
Project Geologist 

~~ (. tJr 
Susan C. Kent 
Project Manager 
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Seattle, Washington. 
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ATTACHMENT A 

PUMP AND RINSE CERTIFICATE 



sEr~r BY: N. ~. E s. 

..UM .. ANe. "U~.SI! ei!!"TIP.u!,A-r ION 

DATE: I -) ~1- ~,; 

10 WHOM IT MAY CONCERN 

This letter Is ro certify that tank(s}, slzr;(s! 
.'j 

..3:; -dJiC4- Y' 

(j,r' / £< j)C..; (.)_ --J-Cr-.!..----- ·---- ---- -· . ·-~---

--+-(/;3111119 !_qje!_Qc) t)l r".:...."i'.J 

-----· . ·----------- ----------··- ---------
--- ------- ·------- -··--------------- ----------- .. ·--------···-·-·---· 

Work was p6rf()m-,ed at: 
./ 

. 7 I C Q ·--~-f-~d. '; ~--- _____ _ 

·' t E,, ... t/i'(' __ -___ C-1J f4: -------·--· ... ---- ·----·-···-
./ ~,-~ ' 

I 

For: 

-------·----------
Please note that this letter does not certtty that the above tanl((s} have been cteaf"'e::'l for disnosa! cr 
that It (they) should be consiC!ared gas-rree 

Sincerely, 

Northwest EnvlroServlce, Inc. 

Underground Tank D!vlsiC"n 
762·1 :90 



ATTACHMENT B 

CERTIFICATE OF TANK DISPOSAL 



8 IL C EQUIPMENT CO. 
SERVICE STATION & RELATED 

EQUIPMENT -SALES & SERVICE 
;. 

•9009 16TH AV£. S. • SEAm£. WA 98188 • (206) 433·1015 

CERTIFICATION OF TA~K DISPOSAL 

D . .;TE: 

LOCATIO!~ FROH WHICH REMOVED: 

71{)0 Scc01 d Aw .s. W. 

QUANTI IT SIZE 

.(O;cOO Gqf 

TRANSPORT DRIVER: ~ol ~-·\ £. ;; !Af. k. 

LAST KNO\V'N PRODUCT 

RECEIVING SCRAP YARD: }ktH:.it k£ie11 f '-1flLfa_ ~ 
RECEIVED BY: &.£.{)/),) /J1~t1:•lt'_j] 

19009 16TH AVE .. S • SEATILE. WA 98188 • PHONE (206) 433·1015 



B & C EQUIPMENT CO 
SERVICE STATION & RELATED 

EQUIPMENT- SALES & SERVICE 

UIOOII16TH AVE. S. SEATll.£.WA88188 (201S)ot»IOIS FAX (20151 H .. 2531 

CERTIFICATim; OF TA!;r.: DISPOSAL 

D.;TE : .z/~/91 

LOCA7!. O:i FRO~ \·lli I CH REHCfv'I D: .:!!..1 3";..:0:::::.....J/"---..L~~II:....t:~:.!..Jcod~c::::..,;h:::.L ___ _ 

Qt:'A~HIIT SIZE LAST KNmr.~ PRODUCT 

I 

R!:CETVI:~G SCRAP YARD: -~-~---~-·--1-~-~--~--~-·- -1~ 

RECEIVEr> BY: 



ATTACHMENT C 

ANALYTICAL RESULTS 



.'····~· 
' . 

' . 

Alden Analytical 
Laboratories, Inc. 

::.. 
February 8, 1991 

Dames & Moore 
Attn: Sue Kent 
500 Market Place Tower 
2025 1st A venue 
Seattle, WA 98121 

.. 

INRE: ALDEN PROJECf NUMBER 9101018/1 · 

Dear Sue: 

Enclosed are the analytical results for the soil samples submitted to Alden Labs 
January 28, 1991. The samples were analyzed for TEPH using Method SOlS-
Modified, Pentachlorophenol using Method 8270 and Total Arsenic. The . 
inorganic analysis was performed by Sound Analytical Labs. A hard copy or 
thier report is mduded. · 

It is Alden's policy to dispose of samples two weeks after the report date, unless 
otherwise noted. If you nave any questions please feel free to call me. · -

Sincerely, 

hnM.B:!9/~ 
aboratory Manager . · . 

Enclosures 

I 00 I SW Klickitat Way 
,Seattle. WA 98134 

· · Telephone (206) 623-3660 
Facsimile (206) 624-8778 

' ' 



Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

CUent: Dames & Moore 
Client Sample Number: See below 
Date of Sample Receipt: 1 /28/91 
Matrix: Soil 

Client Alden 
Samele ID Samele Number 

NA Blank 
SS-1 6388 
SS-1 6388RE 

Extraction Date 

1/30/91 
1/30/91 
2/14/91 

Note: Results are reported to two significa~t figures. 

Analysis Date 

2/7/91 
2/7/91 

2/20/91 

Alden Job Number: 9101018/1 
Alden Sample Number: See below 
Analysis Method: 8015-Modified 
Reporting Units: mg/kg 

Total Extractable Hydrocarbons 

·<2.0 
95 

120 



A AnolyticoiTechnologies,lnc 

560 Naches Avenue SW, Sul18 101 Renton,WA 98055 I Dfl\<flt.~ 

DATE#-PAGELOF_L 

Chain of Custody LABORATORY NuMBER: 
PROJECT MANAGER: Su-li- ··}!i~7 FtEO ,JEST ::>/." . .: .>,>·, 

coMPANY: <>~e s ,,: ~~,()~ 1 
- ,,. ' ,.... Ill 

ADDRESS: 2-0 Z-S I ~ 4 ~G' ~ J in ffl ~-:: Ill 0 
.5eP~/ 1-(.),+ i ~ t ~ 

PHONE: 1MJ-o7-ft./ SAMPLED BY: ;11. CAP~d'lv ' ~ g ! i j I 
SAMPLE DISPOSAL INSTRUCTIONS } i ~ ~ ~ g ~ ~ l 

• ~ ~ 0 0 ~ • z ~ 
0 An D11poaa1@ $t§.OO each 0 Rn.m :x: • 0 Cl Cl :x: ~ 0 ~ 

~ & ~ ~ g ~ 0 : ~ti 
~m 2 2 ~ ~ ~ ~ i ~ ; ; 

! ~ ~ iii!MI 
<C( w .II 
~ e co~.- I 1:::.;. 
:I: .. Q ---i:t•l .lt!Js • ~ I i Ill • ,;I--~!:::. Cli::::; I I J X~. :I: .t!!!!.. 
W O~~N :I:III 

g ; ~ ~ ~ ~ ~ ~ ~ g ~ ~ ~ 1 
~ ~ ~ 2 ~ p w ~ i ~ ~ ~ ~ 

I 

I 
!; 
a: 
111 

I 
S'!:>-/ lt-l.5-"1tl ?~ ISt','L I}( 1 

-

-& 

Tme: 

PURCHASE ORDER NUMBER: RECEIVED GOOD CONDJCOLD Dale: I Prinl8d Name: Date: 

ONGOING PROJECT? YES fBI RECEIVED VIA: 'fulii f 
PFIOR AU1'tioAtzATION IS REQUIRED FOR RUSH PROJECTS 

I TAT: (I'IIORMAL) fjf 2WKS I (RLSH) 0 24HR 0 48 HRS 0 72 HRS 0 1 WI( 

GREATERTHANT4HR. NOTICE? YES 0 NO 0 (LABUSEONLY) 

:weompany: /);.-lvJ -- IComPilnY: .+AC 
1 ~e~VED BY: .·1.1 RECEIVED BY: 

IS!glatum: lime: I Signature: 

.VVItt..,...IJ 

... 
~~ RECBVEO BY: (tAB) . · a 

lime: I Sitnttum: Tme: 

SPECIAL INSTRUCTIONS: 
Primed Name: Date:f PrinEd Name: Date: I Printed Name: Date: 

I '-'Untpar 'Y I ""'""''''fo"U-''7 "'""'Yu~• 1 eennologte&, Inc. 
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EXECUTIVE SUMMARY 

This report documents the activities and fmdings of a soil and ground-water assessment 
conducted by Dames & Moore for Alaska Marine Lines (AML) at its facility located at 7100 
Second Avenue, Seattle, Washington. The objective for the study was to evaluate the nature and 
extent of petroleum constituents in the subsurface associated with underground storage tanks 
(USTs). The approach to the project was to review historical records concerning site use and to 
conduct a field assessment to collect and analyze soil and ground-water samples. The work has 
been conducted in accordance with the Model Toxics Control Act Cleanup Regulation effective 
February 28, 1991 (MTCA). 

The activities that were perfonned in support of this project include the following: 

• Alaska Marine Lines records and other historical sources were reviewed; 
• Thirteen soil borings were drilled; 
• Seven ground-water monitoring wells were installed, developed, and sampled; 
• One soil vapor extraction test well was installed; 
• Twenty-nine soil samples were collected and analyzed by a certified laboratory; 
• Water levels were measured in the wells and the Duwamish Waterway. 

The principal findings and conclusions from this assessment are summarized below. 

Site Development and Use 
• The site was part of a turning basin in the Duwamish River until sometime between 

1958 and 1966. Since that time, the principal site uses have included a ready-mix 
concrete plant for an unknown length of time before 1977, school bus maintenance by 

Laidlaw Company between 1978 and 1982, and barge loading by AML since 1984. 

• Buried waste oil tanks were apparently installed by Laidlaw, but their locations, if still 
on site, are not known. Laidlaw also installed a gasoline UST that was removed around 
1984. AML installed a 10,000-gallon diesel UST and 10,000-gallon gasoline UST in 
1984 which were recently removed in January 1991. 

Nature and Extent of Petroleum in Soil 
• Oil is the principal hydrocarbon present in the soil and concentrations up to 3,600 mg/kg 

(measured as total petroleum hydrocarbons, TPH) were identified. The vertical depth 
of the oil occurrence is at least 30 feet in two areas of the site and undefmed in other 
areas of the site. The lateral extent appears to exceed an area of approximately 150 by 
150 feet. 

• Although the source of the oil is not known, it is believed to be associated with 
historical activities perfonned at the site or on adjoining sites. These historical activities 
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include disposal of oil into the Duwamish by Northwest Cooperage during World War 
II, waste oil disposal by Laidlaw between 1978 and 1982, and backfilling of the site 
during its development. The available data is most consistent with oil disposal by 
Northwest Cooperage; however, further work. would be required to determine the source 
of the oil. 

• If the source of the oil is from historical waste disposal in the Duwamish, the oil has 
weathered for over 50 years, and the product that remains in the ground at this time 
could be expected to be a residual material that appears stable in the subsurface 
environment. This hypothesis is supported by the presence of relatively high TPH 
concentrations in soil below the water table (up to 3,600 mg/kg) and low TPH levels in 
the ground water (less than 0.59 mg/L). 

• Gasoline components benzene, toluene, ethylbenzene, and xylene (BTEX) were largely 
non-detectable in the soil except in samples collected near tank T-2. The BTEX levels 
that have been identified do not exceed MTCA cleanup criteria. 

Nature and Extent of Petroleum in Ground-Water 
• Ground-water samples contained only low TPH values (less than 0.59 mg/L), which are 

below the proposed MTCA criteria for TPH in ground water (1 mg/L). 

• BTEX has only been detected in ground-water samples from monitoring wells MW-3 
and MW-4. The available data suggests that only limited migration of BTEX in ground 
water has occurred. 

• The most likely source of BTEX in ground-water are the former site gasoline USTs. 

• The BTEX concentrations in samples collected from monitoring well MW-3 increased 
between sampling events perfonned in October and December. This may suggest that 
either equilibrium conditions were impacted during drilling and monitoring well 
installation, or that BTEX concentrations fluctuate in the subsurface due to tidal or other 
site-specific causes. 

• There is no evidence that the Duwamish Waterway is being impacted by possible fuel 
releases from the site's USTs or the presence of weathered oil in the soil. The wells 
closest to the Duwamish Waterway contained no detectable concentrations of BTEX. 

Remedial Evaluation 
• Remedial alternatives for treating or removing the TPH in soil, such as vapor extraction, 

fixation, and containment, could be expected to be largely ineffective at this site because 
of the apparently residual nature of the original oily material. Because of the apparent 
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extent and depth of the TPH, excavation would be unduly costly relative to the limited, 
if any, reduction in risk to human health and the environment that could be achieved. 

• The relatively small amount of BTEX migration that has occurred in site ground-water 
suggests that ground-water flow rates are low or that biodegradation is naturally 
removing BTEX from the ground-water. Additional data is required to evaluate the need 
for ground-water remediation. 

Recommendations 
• Provide this report to WDOE to meet MTCA reporting requirements. 

• Conduct quarterly ground-water sampling and water level monitoring for a minimum of 
one year to provide data for the evaluation of such parameters as: seasonal variations in 
ground-water levels and flow rates, on-site hydrogeology, and petroleum mobility. At 
the conclusion of the one-year quarterly monitoring program, the need for additional 
action should be evaluated. 
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1.0 INTRODUCTION 

This report documents the activities and findings of a site assessment performed by Dames 
& Moore for Alaska Marine Lines (AML) at its facility located at 7100 Second Avenue, Seattle, 
Washington (Figure 1). The work has been conducted at the request of AML to help them 
achieve compliance with state, federal, and local regulations concerning underground storage tanks 
(USTs). 

1.1 BACKGROUND INFORMATION 

The AML site is a barge loading facility where cargo and refrigerated containers are 
transferred between barges and trucks. The site is roughly triangular in shape and is bounded on 
the northeast by the Duwamish Waterway, on the south by a slough and Northwest Cooperage, 
and on the west by off and on ramps for the First A venue Bridge. The site is relatively level and 
entirely paved. 

Two USTs, a 10,000-gallondiesel (tank T -1) and a 10,000-gallon gasoline (tank T -2), failed 
tank integrity tests performed in April1990. Based on the UST integrity test results, AMI.. elected 
to remove the tanks and establish above-ground fueling capabilities. Because the site is heavily 
used, it was AML's goal to minimize disruption to site activities during the excavation of the 
USTs. In an effort to minimize disruption to the site, Dames & Moore designed and implemented 
a program to evaluate the nature and extent of petroleum constituents in the site soil and ground 
water before the USTs were removed. The program consisted of an initial soil vapor survey, 
followed by a soil and ground-water assessment. 

Another gasoline UST (tank T-3), formerly located in an area north of tanks T-1 and T-2, 
was removed at the time AML acquired possession of the property (1984). It is reported to have 
served approximately five fuel pumps located in a line north of tank T-3. This area was also 
assessed during this study. 

In September 1990, Dames & Moore performed a soil vapor survey (Dames & Moore, 
1990) near tanks T-1, T-2, and T-3. The results of the survey appeared to correlate well with 
results that would be expected if the USTs and associated piping had released fuel to the 
subsurface. 

Between October and December 1990, a soil and ground-water assessment was performed 
to evaluate the nature and extent of petroleum constituents in the subsurface in the areas of the 
USTs. This report documents the activities and fmdings of that assessment. 
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In January 1991, the diesel and gasoline USTs were removed and a closure report prepared 
(Dames & Moore, 1991). A soil sample collected from below the USTs contained 95 mg/kg TPH 
(Dames & Moore, 1991). Additional sampling was not conducted at the time of the UST closures 
because of the extensive sampling and analysis that had been completed for the site assessment 
described in this report. 

1.2 PROJECT OBJECTIVES AND APPROACH 

The overall purpose of this project was to evaluate the potential presence of petroleum 
hydrocarbons in the site's subsurface. The approach to the project was to review historical data 
and collect and analyze soil and ground-water samples for petroleum constituents. 

1.3 LIMITATIONS OF STUDY 

This report has been prepared in accordance with generally accepted engineering practices. 
We are confident that the conclusions and recommendations provided in this report are reasonable 
and appropriate based on the available data; however, we cannot guarantee that all applicable data 
has been incorporated into our findings. The findings and recommendations provided in this 
report are our professional opinion and are not a warranty, guarantee, or positive assertion as to 

the presence, absence, or extent of site contamination or to the nature of site hydrogeological 
conditions. It should be recognized that this study was not intended to be a definitive assessment 
of site conditions, but an evaluation of the potential conditions. Opinions and recommendations 
provided do not necessarily apply to site changes of which this office is not aware and has not 
had the opportunity to evaluate. It must also be understood that changing circumstances in the 
environment and in the use of the property can alter the validity of conclusions and information 
contained in this report. Dames & Moore is not responsible for data obtained from other sources. 
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2.0 SITE HISTORY 

Several sources of historical infonnation have been reviewed to fonn a brief history of the 
site and its use. Table 1 provides a chronological summary of the records that have been 
reviewed. 

Prior to 1958, the site was part of a turning basin in the Duwamish Waterway. A 1949 
U.S. Geological Survey topographic map for this area (Figure 2) illustrates the relative positions 
of the site and the old turning basin. Sometime between 1958 and 1966, the turning basin was 
filled. The site appears to have been used for barge loading since as early as 1971 and it was 
occupied for an unknown length of time by a ready-mix concrete plant prior to 1977. It was used 
for school bus maintenance by Laidlaw Company between 1978 and 1981!82. AML has been 
onsite since early 1984. 

Company files belonging to Lynden, Inc. suggest that underground waste oil tanks were 
installed by the bus company, but their current locations, if still present, are not known. The 
gasoline tank (tank T-3) was also probably installed by the bus company, but its size and 
installation date is not known. It was removed when AML moved onto the site in 1984. 

Based on the results obtained from the site assessment described in the following sections 
of this report, additional data was obtained concerning Northwest Cooperage, a property that 
neighbors AML on the south. Northwest Cooperage is a drum cleaning and recycling facility that 
has operated at its present location since the early 1940s (U.S. EPA, 1988). Mr. Bob Miller, 
President of Bowhead Equipment, reports that during World War II, Northwest Cooperage 
received drums of oil from the U.S. Navy which were disposed by dumping the oil into the 
Duwamish River near the present location of the AML site. This information bears directly on 
the findings obtained during this site assessment. The potential significance of this infonnation 
is discussed in Section 5.0 of this report. 
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3.0 FIELD ACTIVITIES AND PROCEDURES 

1bis section describes the field activities and procedures that have been perfonned for the 
soil and ground~water assessment The field program was perfonned in two phases. The first 
phase was conducted between October 25 and November 1, 1990 and is referred to in this report 
as the preliminary assessment The second phase of work, referred to in this report as the 
followup assessment, was perfonned between December 6 and 18, 1990. The activities and 
procedures of the two field phases are discussed together in the following sections. 

The field activities that have been perfonned in support of the soil and ground~water 
assessment include the following: 

• 1birteen soil borings have been drilled; 

• Seven ground-water monitoring wells have been installed, developed, and sampled; 

• One soil vapor extraction test well has been installed; 

• Twenty-nine soil samples have been collected and analyzed by a certified laboratory; 

• Water levels have been measured in the wells and the Duwamish Waterway. 

. These activities, and the general procedures that were followed during their perfonnance, are 
described in Sections 3.1 through 3.8. 

3.1 DRILUNG, SOIL SAMPLING, AND MONITORING WELL INSTALLATIONS 

1birteen soil borings were drilled, seven of which were completed as ground-water 
monitoring wells (MW-1 through MW-7) and one as a vapor extraction test well (SG-1), at the 
locations illustrated on Figure 3. The purpose for drilling each of these boreholes is as follows: 

• Soil borings SB-1 through SB-4 were drilled for the purpose of collecting and analyzing 
soil samples to help evaluate the horizontal extent of total petroleum hydrocarbons 
(TPH) in site soils. 

• Soil borings SB-4 and SB-5 were drilled to evaluate the depth of petroleum products 
near the USTs. 

• Monitoring wells MW-1 through MW-3 were installed to evaluate the impact of 
potential leakage from tanks T~ 1 and T-2 on ground-water quality. 
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• Monitoring wells MW-3 through MW-7 were installed to evaluate the impact of 
potential leakage from tank T-3 on ground-water quality. Monitoring wells MW-5 and 
MW-6, originally sited adjacent to the Duwamish Waterway, were placed approximately 
60 feet inland. This was necessary because concrete was encountered at depth in 
borehole locations that were drilled adjacent to the waterway. 

• An eighth monitoring well was originally planned for installation west of monitoring 
well MW -7. Drilling of this well was attempted at three locations, but it was not 
possible to advance and complete drill holes because concrete was encountered at depth 
in each location. 

Drilling augers were cleaned with a high-pressure steam cleaner between each borehole 
location to minimize the potential for cross-contamination. Soil sampling equipment was washed 
with a water and Alconox solution and rinsed with clean tap water between samples. Soil 
sampling rings were rinsed an additional time with distilled water. 

Drilling was performed by Geoboring and Development Company, Inc. using a hollow-stem 
auger drilling rig. Boreholes were drilled to depths between 12 and 34 feet using six-inch 
diameter augers for soil borings and two-inch monitoring wells and 12-inch-diameter augers for 
four-inch monitoring wells. Relatively undisturbed soil samples were collected at approximately 
five-feet intervals using split-spoon samplers equipped with three, six-inch-long brass sampling 
rings that were either 1.5 or 2 inches in diameter. Upon retrieval, one sampling ring was stored 
for transport to the analytical laboratory by labeling it, capping it with a plastic cap, and sealing 

it with duct tape. The analytical soil samples were placed in an ice chest containing ice until their 
delivery to the analytical laboratory. A geologist logged the soil in each sample and screened it 
for organic vapors using an organic vapor monitor (OVM). The soil that was encountered in each 
borehole is described on the soil boring and monitoring well construction logs provided in 
Appendices A and B. 

Upon completion of each borehole, it was either abandoned in accordance with The 
Minimum Standards for Construction and Maintenance of Wells (Chapter 173-160 of the 

Washington Administrative Code, WAC 173-160) or it was completed as a well. Monitoring 
wells MW-1 throughMW-4 were constructed with four-inch diameter, flush-threaded, 0.010-inch 
slotted, schedule 40, PVC well screen and flush-threaded, four-inch diameter, schedule 40, PVC 
blank riser pipe. Monitoring wells MW -5 through MW -7 and soil vapor test well SG-1 were 
constructed of the same well materials except they were constructed with two-inch diameter well 
casing. The well casing was lowered to the bottom of each borehole and 10/20 Colorado silica 
sand was placed to a level two to three feet above the slotted casing. A 3.5- to 5-foot interval of 
bentonite chips was placed above the sand pack, and the remainder of each borehole was grouted 
with concrete. The well heads were completed using flush-mounted, watertight, cast aluminum 
or iron well covers. 
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The monitoring well construction logs provided in Appendix B illustrate the well 
construction details for each monitoring well. Table 2 summarizes the well construction details 
for all monitoring wells. 

3.2 WELL DEVELOPMENT 

The wells were developed by bailing or using a hand pump. Temperature, specific 
conductivity, and relative turbidity were monitored during development. Well development was 
discontinued when these parameters had stabilized. Typically, three to five well volumes of 
ground water were removed during well development. It was not possible to produce clear water 
in the wells because of the fmc-grained nature of the surrounding fonnations. 

3.3 WELL ELEVATION SURVEY 

Each ground-water monitoring well was surveyed to the nearest 0.01 foot to detennine the 
relative vertical elevation of a reference point on the well casing. In addition, the elevation of the 
eleventh post on the north side of a small dock in the Duwamish was suiVeyed (Figure 3) so that 
the relative elevation of the water level in the Duwamish could be measured. Elevations were 
suiVeyed relative to the site bench mark, which is the yellow-painted obstruction post located west 
of the voltage transfonner on the south side of the site (Figure 3). The site bench mark is 
assigned an arbitrary elevation of 100.00 feet. SuiVeying was perfonned by Dames & Moore 
personnel on January IS, 1991. Table 3 lists the well reference elevations. 

3.4 WATER LEVEL SURVEYS 

Water levels were measured in the site wells on November 8, 1990, and January 15 and 
25, 1991. Water level measurements were obtained within a one-half hour time span during each 
sampling event to minimize influences from tidal swings in the Duwamish Waterway. Table 3 
summarizes the water level data. 

3.5 GROUND-WATER SAMPLING 

Ground-water samples were collected from the wells on November 1 and December 18, 
1990. Equipment that entered the wells was cleaned between each well. Cleaning consisted of 
washing the equipment with a water and Alconox solution, triple rinsing it with tap water, and 
then rinsing it with distilled water. 
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Before ground-water samples were collected, the wells were purged to remove stagnant well 
water. The wells were purged by bailing while monitoring the indicator parameters of pH, 
temperature, and specific conductivity. Purging was discontinued upon stabilization of these 
parameters. Typically, three well volumes of ground water were removed during purging. 

Ground-water samples were collected using a clean Teflon bailer. Each sample was 
handled and bottled as required by EPA methodology and labeled with its sample number, 
monitoring well number, sample date and time. The samples were stored in an ice chest 
containing ice until their delivery to the analytical laboratory. 

3.6 GROUND-WATER QAIQC SAMPLES 

For each sampling event, one duplicate and one rinsate sample were collected and analyzed 
for benzene, toluene, ethylbenzene, and xylene (BTEX) by EPA Method 8020. The duplicate 
sample was collected by using water from the same bailer that collected the original sample. The 
rinsate sample was obtained by collecting distilled water that was poured through a 
decontaminated sample bailer. The rinsate and duplicate samples were bottled, labeled, stored, 
and delivered to the laboratory using the same procedures as for other BTEX samples. 

3.7 CHAIN~OF-CUSTODY 

Evidence of sample location, shipment, laboratory receipt, and laboratory custody until 
disposal was documented for the analytical samples. Documentation was accomplished with a 
chain-of-custody form that recorded each sample and each individual responsible for sample 
collection, shipment, and receipt. The chain-of-custody form was signed by each individual who 
took possession of the samples. Copies of the chain-of-custody forms are provided in Appendices 
C and D. 

3.8 SAMPLE ANALYSES 

Soil and ground-water samples were analyzed by Alden Analytical Laboratories located in 
Seattle, Washington. Soil samples were analyzed in the preliminary assessment for TPH using 
modified EPA Method 8015 and BTEX using EPA Method 8020. In the followup assessment, 
selected soil samples were analyzed forTPH, polycyclic aromatic hydrocarbons (PAH) using EPA 
Method 8270, and volatile organic compounds (VOC) using EPA Method 8240. Soil samples 
were selected for TPH analysis to help evaluate the vertical extent of petroleum constituents. Soil 
samples were selected for PAH and VOC analyses based on the sample depth which contained 
the highest TPH values in nearby boreholes during the preliminary assessment. 
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In the preliminary assessment, ground-water samples collected from monitoring wells MW-
1 through MW -4 were analyzed for BTEX using EPA Method 8020 and TPH using modified EPA 
Method 8015. In the followup assessment, ground-water samples were collected from monitoring 
wells MW-3 through MW-7 and analyzed for BTEX. 
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4.0 RESULTS OF FIELD ACTIVITIES 

This section describes the results of the field program. Section 4.1 describes the subsurface 
soils in the areas where monitoring wells were installed or soil borings were drilled. Section 4.2 
describes the occurrence of ground water at the site. Section 4.3 reports the analytical results 
obtained from soil samples, and Section 4.4 reports the analytical results obtained from ground
water samples. Section 4.5 provides the results of ground-water QNQC sampling. 

4.1 SOIL LITHOLOGY 

The soil in the area of this assessment generally consists of an upper unit, five to 11 feet 
thick, of poorly sorted sand, which is generally loose to medium dense, black, fine or medium to 
coarse, and often contains gravel, wood chips, and pieces of concrete and brick. Underlying the 
upper sand is a silty or clayey fine sand unit that ranges from 1.5 to five feet in thickness, which 
is generally, but not always, underlain in tum by a silty clay or clayey silt unit up to 12 feet thick. 
In borehole SB-5, a poorly sorted fine sand underlies the clay unit. In the northern portion of the 
assessment area, near monitoring wells MW -5 and MW -7, the soil consists entirely of clayey or 
silty sand. 

Based on infonnation obtained during the historical research (Section 2.0), it appears 
probable that most, if not all, of the soil encountered during the field program is artificial fill 
placed at the site when the old turning basin was filled. Individual soil strata appeared to be 
discontinuous, and characteristics were not identified that could be used to distinguish between 
artificial fill and natural sediments. 

4.2 GROUND-WATER OCCURRENCE 

Ground water occurs at depths between approximately nine and twelve feet Table 3 
provides the measured depth to water and calculated water elevations for three monitoring events. 
The data from two of the monitoring events were used to generate ground-water contour maps, 
as shown on Figures 4 and 5. 

These ground-water contour maps are highly interpretive and are based on the available 
data and an understanding of ground-water flow. These maps show that ground water at the site 
appears to be strongly influenced by tidal swings in the Duwamish Waterway. Ground water 
appears to flow both away from and toward the Duwamish, which is consistent with the expected 
flow of ground water that is tidally influenced. 
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Based on the available data, it is difficult to calculate reliable estimates of ground-water 
gradients, flow rates, or discharge to the Duwamish Waterway. It is also not clear at this time if 
ground water occurs under confmed or unconfined conditions. Confined conditions are suggested 
by the presence of tidal swings in the ground water at a significant distance inland from the 
Duwamish Waterway. Additional work would be required to clarify these issues. 

4.3 SOIL GEOCHEMISTRY 

Appendix. C contains the analytical laboratory reports for soil samples collected during this 
assessment. The results of the soil analyses are summarized on Table 4 and discussed in 
subsections 4.3.1 through 4.3.4. In the following discussion, analytical results are compared with 
the proposed cleanup criteria contained in The Model Toxics Control Act Cleanup Regulation 
effective February 28, 1991 (MTCA). The relevant MTCA criteria are included on Table 4 and 
analyses that exceed the MTCA criteria are shown in bold. 

4.3.1 Total Petroleum Hydrocarbons (TPH) 

TPH values in soil samples collected during this assessment ranged between 12 and 3,600 
mglkg (Table 4). The laboratory chromatographs, provided in Appendix. E, indicate that the 
product detected in the soil samples appears to be primarily oil with only a relatively small 
component of diesel in samples collected near the USTs. Because gasoline was not identified in 
the samples, diesel or oil MTCA cleanup criteria are appropriate for the site soil (200 mglkg). 

In the first phase of this project, soil samples were only collected from above the water 
table or just below the water table. These results indicated that some of the highest TPH values 
were present in samples collected from below the water table. In the followup assessment, soil 
samples were collected from boreholes SB-4 and SB-5 to depths of 33 feet. In these boreholes, 
TPH values exceeded the MTCA criteria for diesel and/or oil to depths of approximately 30 feet. 

The lateral extent of soil containing TPH in concentrations above MTCA criteria has not 
been fully defined because only a limited number of soil samples have been collected from below 
the water table. 

4.3.2 Benzene, Toluene, Ethylbenzene, and Xylenes (BTEX) 

The BTEX results from soil samples are summarized on Table 4. As can be seen by a 
review of this table, BTEX compounds were detected only in soil samples collected near the USTs 
and only in concentrations that are well below their MTCA criteria. The highest benzene (97 
uglkg), toluene (13 uglkg), and xylene (18 uglkg) concentrations were detected in the soil vapor 
extraction test well SG-1 at a depth of approximately 3.0 feet. 
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4.3.3 Polycyclic Aromatic Hydrocarbons (PAHs) 

PAHs were not detected in the sample collected from SB-4 and only low levels of 
fluoranthene (56 uglkg), phenanthrene (67 uglkg), and pyrene (70 uglkg) were detected in the 
sample collected from SB-5. The MTCA industrial criteria for PAHs is 20 mg/kg (20,000 uglkg) 
for the sum of carcinogenic PAHs. Auoranthene is the only carcinogenic PAH that was detected 
in these samples, and its concentration (56 uglkg) does not exceed the MTCA criteria for 
carcinogenic PAHs. 

4.3.4 Volatile Organic Compounds (VOCs) 

Acetone and methylene chloride were detected in the two samples analyzed for VOC. 
Acetone was detected in concentrations of220 and 94 ug/kg, and methylene chloride was detected 
in concentrations of 110 and 54 ug/kg. The MTCA cleanup criteria for methylene chloride is 500 
ug/kg, but is not established for acetone. 

4.4 GROUND-WATER GEOCHEMISTRY 

Appendix D contains the analytical laboratory reports for ground-water samples collected 
during this assessment The results of the ground-water analyses and the relevant MTCA criteria 
are summarized on Table 5 and discussed in the following subsections. 

4.4.1 Total Petroleum Hydrocarbons (TPH) 

As can be seen from review of Table 5, the TPH values in ground water during the 
preliminary assessment ranged between 0.27 and 0.59 mg/L. These values are well below the 
MTCA ground-water criteria for TPH of 1.0 mg/L. The sampling performed during the followup 
assessment did not include TPH analyses, based on the results from the preliminary assessment. 
This data suggests that site ground water has the potential to discharge only low levels of TPH, 
if any, to the Duwamish Waterway. 

4.4.2 Benzene, Toluene, Ethylbenzene, Xylenes (BTEX) 

The BTEX sampling results from ground-water samples are tabulated on Table 5. During 
the preliminary sampling, BTEX constituents were detected only in samples collected from 
monitoring well MW-4. In that sample, only the benzene concentration (4,200 ug/L) exceeded 
MTCA criteria (5.0 ug/L). A duplicate sample collected from this well (see Section 4.5 of this 
report) contained a similar benzene concentration (3,600 ug/L). 

In the followup sampling performed in December 1990, monitoring well MW-4 contained 
similar benzene concentrations and higher detection levels. Monitoring wells MW-5, MW-6, and 
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MW-7, which were installed to evaluate benzene concentrations in a down-gradient direction, did 
not contain detectable concentrations of BTEX. The sample from monitoring well MW-3, 
however, contained BTEX compounds, including 420 ug/L benzene. 

Samples collected from monitoring wells MW-2, MW-5, MW-6, and MW-7 did not contain 
detectable BTEX. These wells are located between the detected occurrence of benzene in 
monitoring well MW-4 and the Duwamish Waterway. This data suggests that site ground water 
does not discharge BTEX constituents into the Duwamish Waterway. 

4.5 GROUND-WATER QA/QC ANALYSES 

The laboratory reports for the ground-water QA/QC samples are provided in Appendix D 
and the results are summarized on Table 6. Analyses of the duplicate samples indicate that the 
benzene results were reproducible to within 12 percent and the other BTEX compounds within 
12 to 35 percent. 

The results from the rinsate sampling show that BTEX concentrations were below detection 
levels for both the first and second rounds of sampling, except for ethylbenzene during the second 
round of sampling. The low level of ethylbenzene (1.4 ug/L) that was detected in the rinsate 
sample may represent laboratory. field collection, or field handling errors. This low concentration 
of ethylbenzene is not considered significant to the results of the ground-water sampling. 
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5.0 SUMMARY, DISCUSSION, AND RECOMMENDATIONS 

This section provides a discussion concerning the significance of the findings from the soil 
and ground-water assessment. Section 5.1 discusses the results of the soil assessment and Section 
5.2 discusses the results of the ground-water assessment. Section 5.3 discusses the regulatory 
considerations that apply to this site, and Section 5.4 provides recommendations for future 
activities. 

5.1 SOIL CONDITIONS 

The laboratory chromatographs (Appendix E) indicate that the principal hydrocarbon in the 
subsurface soil is oil, although diesel is apparently present to a lesser extent. Only 95 mg/kg TPH 
was identified in the soil sample collected from immediately below the UST excavation (Dames 
& Moore, 1991). BTEX, VOCs, and PARs have not been detected in soil samples in 
concentrations that exceed MTCA criteria. 

Elevated TPH concentrations occur in soil below the water table, even though TPH 
concentrations are very low in the ground water. This suggests that the oil may be relatively old 
and weathered, and consist primarily of residual petroleum constituents that are relatively 
immobile in the subsurface. 

The extent of residual oil occurrence in the subsurface has not been detennined. It appears, 
based on the results from boreholes SB-4 and SB-5 that TPH occurs in concentrations above 
MTCA criteria to depths of approximately 30 feet. The lateral extent of TPH is not known 
because sampling below the water table has been perfonned in only two boreholes. Based on the 
existing infonnation, it appears that TPH concentrations exceed the MTCA criteria in a minimum 
area of approximately 150 by 150 feet. If it is assumed that TPH extends to a unifonn depth of 
approximately 30 feet, and that only 20 of the 30 vertical feet have TPH levels that exceed MTCA 
criteria, the minimum volume of soil that exceeds MTCA is approximately 16,700 cubic yards 
(cy). 

There are three known potential sources for the oil identified at the site: 1) waste oil USTs 
that were used by the bus company between approximately 1978 and 1982, 2) oil disposed by 
Northwest Cooperage during World War II, and 3) imported material used to backf'ill the old 
turning basin. The principal interpretations of the soil data that can be made concerning potential 
source(s) of the oil are as follows: 

• In areas of borehole SB-4 and SB-5, the TPH concentrations in soil samples collected 
from depth tend to be higher than those collected from near the current ground surface 
(Table 7). This infonnation is compatible with any of the known potential oil sources. 
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If Laidlaw disposed of waste oil in USTs, then high TPH concentrations would be 
expected at depths lower than the bottom of the USTs. If Northwest Cooperage 
disposed of oil in the turning basin, high TPH concentrations may be expected in the 
sediment that underlay the former turning basin during World War II. If the material 
used to backfill the old turning basin contained varying levels of oil, then the present 
distribution of TPH would be expected to be heterogeneous. 

• TPH is present over a wide area of the site. This information is more compatible with 

the potential Northwest Cooperage source than a point source associated with Laidlaw's 

waste oil USTs. If oil was disposed in USTs, high TPH values would be expected in 
a relatively limited area near the USTs due to the relatively low mobility of oil in the 
subsurface environment. If oil was disposed in the old Duwamish turning basin, it could 
be expected that oil would be present in a relatively larger area because of the possibility 
for its unconstrained flow within the tidally-influenced Duwamish River. If the oil was 
associated with the backfill, TPH concentrations could be expected throughout the site 

or in discrete areas. 

• The oil appears to be old as indicated by the lack of odors during drilling and the lack 

of significant TPH concentrations in the ground water. This information appears to be 
more compatible with a source that is approximately 50 years old (Northwest Cooperage 
and site backfill) than a source that is 15 years old (Laidlaw). 

Because the TPH concentrations in site soil exceed MTCA criteria, it may be necessary to 

contain or remove the TPH. However, the results from this assessment suggest that the potential 
for the presence of TPH to adversely impact human health or the environment is low. The 

principal interpretations of the soil data that can be made concerning the need for remedial action 
are as follows: 

• The presence of oil in the subsurface does not appear to be associated with significant 
levels of PAHs or VOCs. PAH and VOC compounds are likely to pose more 
environmental concern than oil. 

• The presence of relatively high TPH concentrations in the soil (up to 3,600 mg/kg) does 

not appear to be resulting in high levels of TPH in the ground water (less than 0.59 
mg!L). This suggests that the oil is currently a residual material that appears to be 
immobile in the subsurface environment and significant migration of oil is not likely to 
occur. 

Although a detailed feasibility study concerning remedial alternatives has not been 
performed, four remedial approaches for remediation of TPH in soil have been identified and 
qualitatively evaluated for their effectiveness. The four candidate alternatives include: soil vapor 
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extraction, fixation, containment, and disposal. The effectiveness of each alternative is briefly 
discussed below. 

• Soil vapor extraction - Site conditions do not appear to be favorable for effective soil 
vapor extraction technologies because the TPH is primarily oil (low volatility) and the 
soil formation is highly silty (low permeability). 

• Soil Fixation - Although fixation processes are appropriate technologies for reducing 
contaminant migration, they do not typically remove or reduce the concentration of 
contaminants. Because the soil TPH does not appear to currently be contributing 
significant concentrations ofTPH to the ground water, it is unlikely that implementation 
of fixation processes will significantly reduce the already apparently low potential for 
TPH migration. 

• Containment - Like fixation processes, containment technologies help reduce the 
likelihood of contaminant migration, but they do not remove contaminants. Containment 
is not likely to significantly reduce the potential for TPH migration at the site because 
the potential for migration is already relatively low. 

• Excavation and Disposal - Excavation and disposal is an alternative that is feasible and 
will remove TPH from the site. However, the cost to dispose the known volume of soil 
is estimated to be over $2 million alone, assuming 1.3 ton/cy of soil, $100/ton disposal 
fee, and 16,700 cy of soil to be disposed. Other costs associated with this option 
include: excavation, replacement, and recompaction of the soil; transportation; 
repavement; engineering; confirmation sampling; and costs associated with interruption 
to site activities. Although the excavation and disposal option appears to be an effective 
and implementable technology for reducing TPH concentrations at the site, the cost to 
implement the option appears excessive relative to the apparent reduction in risk that 
could be attained. 

In conclusion, it appears that the effectiveness of alternative remedial measures is likely to be 
either low, due to site conditions, or costly, relative to the apparent reduction in risk to human 
health and the environment that could be attained. Although further work would be required to 
fully evaluate remedial alternatives, it does not seem appropriate at this time to do so based on 
the low potential for contaminant migration that has been identified. 

5.2 GROUND-WATER CONDITIONS 

The results of the ground-water sampling suggest that the principal concerns in ground 
water are the BTEX compounds. TPH concentrations from samples collected during the 
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preliminary assessment were less than 0.59 mg/L which is well below MTCA criteria. In the first 
round of sampling, only benzene in one well (monitoring well MW-4) exceeded MTCA criteria. 
In the second round of sampling, benzene, as well as total xylenes, exceeded MTCA in two wells 
(monitoring wells MW·3 and MW·4). These results may be explained as the result of either: 1) 

disturbances in equilibrium conditions resulting from drilling and well installation activities, or 

2) normal fluctuations in BTEX concentrations resulting from tidal influences or other site·specific 

causes. In either case, additional sampling would be required to provide more reliable estimates 
concerning the extent of BTEX in ground water. 

The most likely source of BTEX in ground water samples collected from monitoring well 
MW·4 is tank T·3 and/or its associated piping. The most likely source of BTEX in the ground 
water samples collected from monitoring well MW·3 is tank T·2. 

Based on the available data, it appears that the extent of BTEX in ground water is known 
in three direction by samples collected from monitoring wells MW·l, MW·2, MW·6, and MW·7 
(Figure 6). The extent of BTEX in the upgradient direction is difficult to determine because wells 
cannot be located within the refrigeration shop nor in the area north of the refrigeration shop 
because concrete is present at depth (described in Section 3.1). However, because BTEX is not 
present in monitoring well MW·l, which is located in the apparent upgradient direction from tank 
T·2, the extent of benzene in the upgradient direction is likely to be limited. Benzene 
concentrations exceed MTCA criteria within a localized area that appears to be no larger than 
approximately 100 feet by 50 feet (Figure 6). 

The data suggests that BTEX is not being discharged to the Duwamish Waterway. The 
monitoring wells located closest to the Duwamish Waterway (monitoring wells MW·2, MW·5, 
MW·6, and MW·7) do not contain detectable concentrations of BTEX. The lack of benzene in 
these wells suggests either: 1) that ground-water flow and migration rates are low, 2) natural 
biodegradation processes are effectively removing petroleum constituents from the ground water, 
or 3) a combination of these two alternatives. Although it is difficult to estimate accurate ground

water flow and contaminant migration rates based on the available data (see Section 4.2), it is 
likely that BTEX are being naturally degraded faster than they are being transported toward the 
Duwamish Waterway. 

Because it appears likely that natural biodegradation processes are effective in naturally 
removing BTEX from the ground water before it is discharged to the Duwamish Waterway, 
ground-water remediation does not seem necessary at this time. Additional sampling and analysis 
would be required to further evaluate these possibilities. 
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5.3 REGULATORY CONSIDERATIONS 

MTCA regulation (WAC 173-340-300) requires owner/operators to report releases of a 
hazardous substance to the Washington Department of Ecology (WDOE). The report is to include 
such infonnation as the identification and location of the substance, circumstances concerning the 
release and its discovery, the results of site investigation activities, and remedial actions that are 
planned, completed, or underway. 

WDOE will have 90 days to review the report, visit the site (if appropriate), and provide 
AML with their decision. Their decision will require either: l) further investigation, 2) immediate 
remedial actions, or 3) no further action. 

5.4 RECOMMENDATIONS 

Based on the findings from the site assessment and the requirements of MTCA, the 
following recommendations are provided for future site actions: 

• Reporting 
This report should be provided to WDOE to comply with the reporting requirement of 
MTCA. 

• Quarterly Ground-Water Sampling 

Ground-water samples should be collected from the site on a quarterly basis for one 
year. Samples should be collected from all site monitoring wells and analyzed for 
TPH by modified EPA Method 8015 and BTEX by EPA Method 8020. Sample 
blanks and rinsate samples should be collected and analyzed for BTEX with each 
sampling event. All site activities should be perfonned in accordance with the field 
procedures described in this report. 

• Ground-Water Monitoring 

Ground-water elevations should be collected from all site wells on a quarterly basis 
in conjunction with the quarterly ground-water sampling program. Ground-water 
contour maps should be generated for each monitoring period. 

Water elevations should be monitored for a 24-hour period in selected wells to evaluate 
tidal influences on site ground-water flow. Penneability tests should be perfonned in 
selected wells to detennine hydraulic conductivities. This infonnation should be used 
to estimate ground-water flow directions and rates, evaluate confining conditions, and 
estimate petroleum transport rates. 
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• Monitoring Plan 
After one year of quarterly ground-water sampling and monitoring, the data should 
be compiled and reviewed. The data should be used to evaluate risks to the 
environment and human health that are associated with existing site conditions. 
Based on the results of the data review and risk assessment, the need for remedial 
actions should be evaluated. 
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1884 - Sanborn 

TABLE 1 
SUMMARY OF HISTORICAL DATA 

7100 Second A venue 
Alaska Marine Lines 

Site vicinity is not included on maps. 

1920- Kroll 
The site appears to be under a portion of the Duwamish River. The old First Avenue 
Bridge is present and a Boeing production plant is located approximately 750 feet west of 
the site. 

1926 - Metzker 
No significant changes observed. 

1929- Sanborn 
The site is not on the maps. Boeing is present east of the site area, across West Michigan 
Street and First Avenue SW. 

1936 - Metzker 
The general area appears to be more developed and more streets are present, but there are 
no significant changes to the site area. 

1940- Kroll 
The property is obviously located within a turning basin on the Duwamish River. 

1944- Sanborn 
A gas and oil outlet (service station?) are located across West Michigan Street and First 
Avenue SW (to the west). Boeing has substantially developed the block encompassed by 
Peninsula Place, Second Avenue SW, and West Michigan Street. 

1950- Kroll 
A service station is located near the western edge of the site, at Second A venue Southwest 
and First A venue South. There are several unspecified, small buildings near the site. 

1958- Kroll 
The First Avenue South Bridge appears to have been constructed in its present location. 

1966- Kroll 
The fonner turning basin has been filled. Northwest Cooperage Company is shown 
adjacent to the south side of the site. 
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1971 -Kroll 

TABLE 1 (CONT'D) 
SUMMARY OF lllSTORICAL DATA 

7100 SECOND A VENUE 
ALASKA MARINE LINES 

No significant changes from the 1966 Kroll map. 

1971 -Aerial Photograph 
The site has at least one large building at its southern edge and a dock on the Duwamish 
Waterway. Several large vehicles or stacked materials are located on the site. 

1972 - Aerial Photograph 
There are clearly two buildings at the southern edge of the site. The ground on the site 
appears to be extensively reworked. 

1976- Aerial Photograph 
No significant changes at the site since the 1972 aerial photograph. 

1977- LT/, Letter from LTI to ARA 
Mentions the presence of lube oil tanks at the site. 

1978- LTI. Approved Permit for Shoreline Management Development 
Important information contained in this permit includes: 

• Plans to install: 1) about four acres asphalt paving, 2) a storm drainage system with 
catch basins and manholes. 3) asphalt extruded curb along the northeasterly bank of the 
Duwamish River, and 4) a storm drain outfall (18-inch pipe). 

• The site was being used for barge loading on the north end of the property and school 
bus servicing and maintenance in the southern end. As part of the school bus operation, 
there were two garages and gas pumps on site. About 200 buses were being serviced 
on a regular basis for both major and minor repairs within the buildings. Every 3,000 
miles or 30 days the buses were lubed with oil and filter changes. 

• The southern portion of the site was occupied by a ready-mix concrete plant until about 
one year before the permit was applied for. 

• The site was unpaved at the time of the permit application. 
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TABLE 1 (CONT'D) 
SUMMARY OF IDSTORICAL DATA 

7100 SECOND A VENUE 
ALASKA MARINE LINES 

1978- LTI, Summary of Charges to Associated, 
This document contains a reference to the installation of an underground drainage and oil 
separator system at the site. 

1981 -Polk Directory 
Site address listed as Associated School Bus SeiVice. 

1983 -Polk Directory 
Site address listed as ARA Transportation Freight Lines. 

1985 - Aerial Photograph 
It appears that the site has been paved. Another large building has been added near the 
southern end of the site, just north of the two pre-existing buildings. At least two other 
small buildings, freight vehicles, or stacked materials are on the site, and two barges are 
moored in the Duwamish at the northern edge of the site. 

1985- Polk Directory 
Site address is listed as Alaska Marine Lines; 7150 Second Avenue is listed as Jore 
Corporation Trucking. 

1986- Polk Directory 
Same as 1985 Polk Directory listing. 

1987- Kroll 
The Portland-Puget Sound addition is located southwest of the site adjacent to Northwest 
Cooperage. Lots on other side of First Avenue South are shown as "vacated". Alaska 
Marine Lines is not shown. 

1987188 - Polk Directory 
7150 Second Avenue is listed as vacant. 

1988- Aerial Photograph 
The easternmost building at the southern edge of the site has been removed. A second 
dock has been added southeast of the first dock. 

1989190 - Polk Directory 
Same as 1987/88 Polk Directory listing. 
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BOREHOLE 
WELL INSTALL DIAMETER 
NO. DATE (Inches) 

MW-1 10/25190 12 

MW-2 10125190 12 

MW-3 10125190 12 

MW-4 10126190 12 

MW-5 12106190 6 

MW-6 12107/00 6 

MW-7 12107/00 6 

SG-1 10126190 6 

AML:IA3-T2.Xl.S 

TABLE 2 
SUMMARY OF WELL CONSTRUCTION DETAILS 

7100 Second Avenue 
Alaska Marine Lines 

WELL CASING TOP OF 
CASING TOTAL TOP OF SAND TOP OF SLOT 

DIAMETER DEPllf SCREEN PACK SEAL SIZE MONUMENT 
(Inches) (feet) (feet) (feet) (feet) (Inches) TYPE 

4 20 10 8 4.5 O.o1 Flush-Cast Aluminum 

4 20 10 8 3 0.01 Flush-Cast Aluminum 

4 20 10 8 3 0.01 Flush-Cast Aluminum 

4 20 10 8 3 0.01 Flush-Cast Aluminum 

2 3.8 1.8 6.5 2 0.01 Flush-Cast Iron 

2 19 9 6 2 O.o1 Flush-Cast Iron 

2 19 9 6 2 0.01 Flush-Cast Iron 

2 11.5 5 3 1.5 0.01 Flush-Cast Iron 
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WELL 
NO 

MW-1 

MW-2 

MW-3 

MW-4 

MW-5 

MW.fl 

MW-7 

PIER 

AMUR3-T3.l<LS 

REFERENCE 
ELEVATION 

99.84 

99.52 

99.71 

99.42 

98.32 

98.43 

99.48 

101.37 

TABLE 3 
SUMMARY OF WATER LEVEL DATA 

7100 Second Avenue 
Alaska Marine Lines 

NOVEMBER 1 1991 JANUARY 15 1991 
DEPTH WATER DEPTH WATER 

TO LEVEL TO LEVEL 
WATER ELEV. WATER ELEV. 

11.97 87.87 11.14 88.70 

11.34 88.18 10.44 89.08 

11.82 87.89 10.96 88.75 

10.97 88.45 10.11 89.31 

- - 8.75 89.57 

- - 8.n 89.66 

- - 8.98 90.50 

. . 13.43 87.94 

JANUARY 25 1991 
DEPTH WATER 

TO LEVEL 
WATER ELEV. 

11.53 88.31 

11.12 88.40 

11.28 88.43 

10.20 89.22 

9.21 89.11 

9.38 89.05 

9.00 90.48 

12.12 89.25 



---------------- --
TABLE 4 

SUMMARY OF SOIL ANALYTICAL DATA 
7100 Second Avenue 
Alaska Marine Lines 

POLYCYCUC AROMATIC 
FUEL CONSTITUENTS HYDROCARBONS 

BORE· ETHYL· *FLUOR· PH EN-
HOLE SAMPLE SAMPLE TPH BENZENE TOLUENE BENZENE XYLENES ANTHENE ANTHRENE PYRENE 
NO. DEPTH DATE (mg/kg) (uglkg) (ug/kg) (uglkg) (Ug/kg) (Ug/kg) (uglkg} (uglkg} 
SB-1 3.0-3.5 10/25190 12 <5.0 <5.0 <5.0 <5.0 - -- -
SB-1 11.0-11.5 10125190 73 <5.0 <5.0 <5.0 <5.0 - - -
SB-2 3.0-3.5 10125190 57 <5.0 <5.0 <5.0 <5.0 - - -
SB-2 8.0-8.5 10125190 350 <5.0 <5.0 <5.0 <5.0 -- - -
SB-3 3.0-3.5 10/25190 99 <5.0 <5.0 <5.0 <5.0 - - -
SB-3 11.0-11.5 10125190 31 <5.0 <5.0 <5.0 <5.0 - - -
SB-4 8.0-8.5 12113190 130 - - - - <40 <40 <40 
SB-4 13.0-13.5 12113190 2D7 - - - -- - - --
SB-4 18.0-18.5 12113190 460 - - -- -- - - -
SB-4 23.0-23.5 12113190 240 - - - - - - -
SB-4 28.0-28.5 12113190 450 - - - - - -- -
SB-4 33.0-33.5 12113190 55 - - - -- - - -
SB-5 13.0-13.5 12113190 210 - - - .. 56 67 70 
SB-5 18.0-18.5 12113190 3600 - - -- -- - - --
SB-5 23.0-23.5 12113190 110 - - - -- -- - -
SB-5 28.0-28.5 12113190 340 - - - -- - - -
SB-5 33.0-33.5 12113190 59 -- - -- - - - .. 
SG-1 3.0-3.5 10125190 2800 97 13 <5.0 18 -- - -
SG-1 11.0-11.5 10125190 18 10 <5.0 <5.0 <5.0 - - -
MW-1 3.0-3.5 10126190 720 <2.0 <2.0 <2.0 <2.0 -- - -
MW-1 8.0-8.5 10126190 480 <2.0 <2.0 <2.0 <2.0 - - -
MW-1 13.0-13.5 10/26190 820 <2.0 <2.0 <2.0 <2.0 -- - -
MW-2 3.0-3.5 10/26190 25 <2.0 <2.0 <2.0 <2.0 -- -- --
MW-2 13.0-13.5 10126190 110 50 <2.0 <2.0 <2.0 .. - -
MW-2 18.0-18.5 10/26190 350 <2.0 <2.0 <2.0 <2.0 -- -- -
MW-3 3.0-3.5 10/26190 550 15 2.3 <2.0 <2.0 -- -- -
MW-3 13.0-13.5 10126190 380 28 <2.0 <2.0 <2.0 -- - -
MW-3 18.0-18.5 10126190 540 <2.0 <2.0 <2.0 <2.0 -- -- -
MW-4 3.0-3.5 10125190 360 <5.0 <5.0 <5.0 <5.0 -- - -

MTCA 200 500 40,000 20,000 . 20,0QQ_ .. .. .. 
----- -

AML:\R:l-T 4.xLS 

- .. Not analyzed 
• .. Carcinogenic PAH compound • 
.. = MTCA criteria is 20,000 uglkg for the sum of all carcinogenic PAHs. 
MTCA .. Model Toxics Control Act Cleanup Regulation, effective February 28, 1991. 

Only !hose compounds lhat were detected in one or more samples are reported. 

VOLATILE ORGANIC 
COMPOUNDS 

METHYLENE 
ACETONE CHLORIDE 

(uglkg) (ug/kg) 

- --
- --
- --
- --
- --
- --

220 110 

- --
- -
- --
- -
- --
94 54 

- --
- --
.. --
- --
- --
- --
- --
- --
- --
- .. 
-- .. 
- --
- --
- --
- --
- --

NE 500 
-----~-· 

-
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TABLE 5 
SUMMARY OF GROUND-WATER ANALYTICAL DATA 

7100 Second Avenue 
Alaska Marine Lines 

WELL NO: MW-1 MW-2 MW·3 
SAMPLE DATE: 11/1190 11/1190 11/1190 12118190 

ANALYSIS UNITS MTCA [1] 

TPH mg/L 1 0.59 0.56 0.33 --
BENZENE Ug/L 5 <1.0 <1.0 <1.0 420 

TOW ENE ugll 40 <1.0 <1.0 <1.0 3.5 

ETHYLBENZENE ugll 30 <1.0 <1.0 1.1 13 

XYLENES ug/L 20 <1.0 <1.0 5.3 48.4 

AMLJR3-T6.Xl.S 

MTCA. The Model Toxlcs Control Act Cleanup Regulation, eHective February 28, 1991. 
-- .. Sample not analyzed. 

MW-4 
11/1/90 12118190 

0.27 -

4200 3600 

8.3 <50 

2.1 <50 

4.2 63 

< .. This parameter was not detected at a concentration above Ule detection level indicated In U1e table. 

MW-5 MW-6 MW-7 
12118190 12118190 12118190 

-- -- --
<5.0 <5.0 <5.0 

<5.0 <5.0 <5.0 

<5.0 <5.0 <5.0 

<5.0 <5.0 <5.0 
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DUPUCATE 
WELL 

SAMPLES 

RINSATE 
SAMPLES 

AML:'JU.. TSJ<LS 

NIA • Not applicable. 

TABLE 6 
SUMMARY OF GROUND-WATER 

QA/QC ANALYTICAL DATA 
7100 Second Avenue 
Alaska Marine Lines 

SAMPUNG WELL ANALYSIS SAMPLE 
DATE NO u /L VALUES 

11-1-90 t.HN-4 Benzene 4200 
Toluene 8.3 

Ethylbenzene 2.1 
Xylenes 4.2 

12-18-90 t.HN-4 Benzene 4100 
Toluene <50 

Elhylbenzene <50 
Xylenes 64 

SAMPUNG WELL ANALYSIS SAMPLE 
DATE NO (ugtl) VALUES 

11-1-90 N/A Benzene <1.0 
Toluene <1.0 

Ethylbenzene <1.0 
Xylenes <1.0 

12-18-90 N/A Benzene <1.0 
Toluene <1.0 

Elhylbenzene 1.4 
Xylenes <1.0 

DUPUCATE 
VALUES 

3700 
6.9 
1.4 
5.9 

3600 
<50 
<50 
63 

DUPUCATE 
VALUES 

N/A 
N/A 
N/A 
N/A 

N/A 
N/A 
N/A 
N/A 
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BOREHOLE NO: 
SAMPLE DATE: 

SAMPLE DEPTH: 3.0..3.5 
8.0-8.5 

11.0..11.5 
13.0..13.5 
18.0..18.5 
23.0..23.5 
28.0..28.5 
33.0..33.5 

AMl:lfU.T1.XI.S 

I • . Not analyzed. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

SB·1 
10/26/90 

12 . 
73 

SB-2 

TABLE 7 
TPH CONCENTRATIONS IN SOIL versus DEPTH 

7100 Second Avenue 
Alaska Marine Lines 

SB·3 SB-4 SB-5 SG·1 MW·1 MW-2 
10/26/90 10/26/90 12113190 12113190 10/26190 10/25190 10/25190 

57 99 . . 2800 720 25 
350 . 130 . . 480 . . 31 . . 18 . . 

207 210 * 820 110 
460 3600 . . 350 
240 110 
450 340 
55 59 

MW-3 MW-4 
10/25/90 10126/90 

550 360 
* . . . 

380 . 
540 . 
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Legend: 

MW-1~ 

DS'Y 

(89.66) 

-go 

Monitoring Well Location and Number 

Duwamish Reference Station Locatio; DS 
(87.94) 

Site Bench Mark location 

Former UST location and Number 

Ground-Water Elevation Measured in 
Site Bench Mark on January 15, 199 '\. 

Ground-Water Contour (dashed wher• '\ 
dotted if other than one-foot contou <9<9 ·o 
Ground-Water Flow Direction 

Maintenance Shop 

Parking Break Room 

'!; 

··~·f;·:·t 
:~. 

loading 
Ramp 

Figure 4 

Ground-Water Contour Map 
January 15, 1991 

Alaska Marine Lines 
7100 2nd Avenue 

Seattle, WA 
....___ _______________________ Dames & Moore 
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Legend: 

MW-1 ~ Monitoring Well location and Number 

(89.00) 

-9o.o 

Duwamish Reference Station Locatio1 DS 
(89.25) 

Site Bench Mark location 

Former UST location and Number 

Ground-Water Level Measured in Fee1 
Site Bench Mark on January 25, 199 · 

Ground-Water Contour (dashed wher1 
dotted if other than one-foot contou1 

Ground-Water Flow Direction 

. 
• 

~---------------------------- ·. 

Maintenance Shop ) 

~----------------------------90 
·O 

Parking Break Room 

• • • • • • 

loading 
Ramp 

A . 
. ..... 

Figure 5 

Ground-Water Contour Map 
January 25, 1991 

Alaska Marine Lines 
7100 2nd Avenue 

Seattle, WA 
...__ _______________________ Dames & Moore 
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legend: 

MW-1~ Monitoring Well location and Number 

OS Y Duwamisll Reference Station location 

W Site Bench Mark location 

C£(] Former UST location and Number 

(420) Benzene Concentration in Ground-Water 
Samples CoUected December 18, 1990, (in ug/1) 

NS Not Sampled December 18, but Benzene was not 
Detected In Samples CoUected November 1, 1990 

Approximate Extent of Benzene in Ground Water, 
Dotted where Uncertain 

............ Estimated Direction of Tidally·lnrluenced 
Ground-Water Flow 

Maintenance Shop 

Parking Break Room 

~ MW·1 
NS 

w 

: 

Porch 

~MW-7 
• (<1.0) 

.· ---.. 

~ MW-5 
(<1.0) 

~MW-4 ~ ,, ... , "\ 

,y( ! 

~MW-3 I 

~MW-6 
(<1.0) 

~------ '"')/ c'~ 
~E~~~--/ \ ..... . ~MW-2 

NS 

0 25 50 r=--- . 
Scale in Feet 

Y OS 

<::l.._ 
~ 

%. -v/. ... ~ 

! 

"".co_.. 
~'.?t. 

loading 
Ramp 

~ . . . 

Figure 6 

Map of Benzene Concentrations in Ground Water 
Alaska Marine Lines 

7100 2nd Avenue 
Seattle, WA 

L_ __________________________________________________________________________________________________________________ oames& Moore 
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Notes: 

Geological Boring Log 

SB- 1 

Asphalt - Concrete 

Loose, dark grey to black. medium to coarse 
SAND with some gravel to lh inch in diameter; 
damp. slight odor. sheen on cuttings. 

Loose. black. silty, fine to medium SAND to 
sandy SILT with some pebbles to lh inch in 
diameter; wet. slight odor. 

Medium stiff, black, silty CLAY with wood 
fragments and small pebbles; damp, no odor. 

Boring terminated at 12.0 feet on 10/26/90. 

SB- 2 

Asphalt- Concrete 

Loose. black. medium to coarse SAND with 
some pebbles to lh inch in diameter; damp, no 
odor. 

Loose, silty SAND with some pebbles to lh inch in 
diameter; damp. no odor. 

Medium stiff. dark grey to black, silty sandy 
CLAY with wood fragments; damp, no odor. 

Alternating layers of light brown. fine SAND and 
dark grey to black. medium to coarse SAND; 
dry to damp, no odor. 
Boring terminated at 12.0 feet on 10/26/90. 

Cient Name: Alaska Marine Lhes 
Project Nome: 7100 2r-vAve. 

Drilling Co.: GeoBorlng & Development, Inc. 
Drilling Method: Hollow-Stem Auger 

Logged By: MAC 

Job No. 21048-001-005 -------------------------Dames & Moor 
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Geological Boring Log 

SB- 3 

0 r-r-,--r-r------------------------------------------------------------------

Notes: 

Medium dense, black, fine to medium SAND with some gravel up to 1 Inch In 
diameter; damp, slight odor. 

Strong odor. 

Very loose. dark grey to black, sandy SILT and silty SAND with gravel to lh 
Inch In diameter; moist. no odor. 

CDent Name: Alaska Marine Lines 
Project Name: 7100 2N:>Ave. 

Drilling Co.: GeoBorlng & Development. Inc. 
Drilling Method: Hollow-stem Auger 

Logged By: MAC 

Job No. 21048-001-005 -------------------------Dames & Moor 



Notes: 

Geological Boring Log 

SB- 4 

Asphalt ·Concrete. 

Mecllum dense. black, fine SAND with trace slit 
and wood fragments; moist. no odor. 

Sheen on cuttings. 

loose. black. silty SAND with wood fragments; 
saturated. no odor. 

Boring continues at top of page. 

SB - 4 continued 

stiff, very dark grey. clayey SILT wtth wood 
fragments; moist to saturated. 

Slight odor. 

Boring terminated at 34.0 feet on 12/6/90. 

CHant Name: Alaska Marine Lines 
Project Name: 7100 2N:lAve. 

Drilling Co.: GeoBorlng & Development. Inc. 
Drilling Method: Hollow-Stem Auger 

logged By: JKM 

-------------------------------------------------------------------------------------------------------Dames&Moor • 



Notes: 

Geological Boring Log 

SB- 5 

A!phalt- Concrete 

Loose. black. fine SAND with trace silt; dry, no 
odor. 

Medium dense. black. fine SAND with wood 
fragments; dry, no odor. 

Stiff to very stiff. black, silty CLAY with wood 
fragments; moist to wet. no odor, occasional 
seams of fine sand. 

Boring continues at top of page. 

SB - 5 continued 

Loose. black, fine SAND with wood fragments; 
moist, no odor. 

Boring termlnted at 34.0 feet on 12/6/90. 

Clent Name: Alaska Marine lines 
Project Name: 7100 2r.:oAve. 

Drilling Co.: GeoBorlng & Development. Inc. 
Drilling Method: Hollow-stem Auger 

Logged By: IMW 

Job No. 21048-001-005--------------------------Dames &: Moor 
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Notes: 

MW-1 

Concrete 

Monitoring Well Construction and 
Geological Boring Log 

Loose. dark grey to black. coarse SAND 
with pebbles to ¥.! Inch; dcrnp. slight 
odor. 

Very loose. dak grey. coarse SAND wtth 
pebbles; moist, no odor. 

Soft. black clayey SILT; moist, no odor. 

Boring terminated at 20.0 feet and well 
Installed on 10/25/90 

MW-2 

Medium dense. black. medium to 
coarse, sandy GRAVEL to 2 inches in 
diameter; damp, no odor. 

Very soft to soft. dark grey to black, silty 
CLAY; moist. no odor. 

Wet. 

Boring terminated at 20.0 feet and well 
installed on 10/25/90 

Clent Name: Alaska Marine lines 
Project Name: 7100 2ND Ave. 

Drilling Co.: GeoSorlng & Development. Inc. 
Drilling Method: Hollow-Stem Auger 

Logged By: sw Reference Elevation: MW- 1 99.84' 
MW-2 99.52' 

Well Description 

Surface Casing: Flush Mounted Riter Pack: 10- 20 Sllca Sand 
Surface Seal: Concrete Seal: Bentonite 
Well Casing: 4" Sched. 40. PVC Grout: Concrete 
Well Screen: 0.0 I" slots. Sched 40. PVC 

I ~bN~21~8~01~~~-----------------------~~m~&Mom 
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MW-3 

Monitoring Well Construction and 
Geological Boring Log 

Loose, dark grey to block SAND INI1tl 
graveiLP to 1 'h Inch h diameter and 
wood fragments: dry to damp. slight 
odor. 

Very loose. dark grey to black. clayey 
SAND with wood fragments: damp. 
slight odor. 

MW-4 

Concrete 

Loose to medium dense, black to dark 
grey, fine to medium SAND with 
pebbles; dry, no odor. 

Trace slit, slight odor. 

1.5' 

11.0' 

Notes: 

Soft, block, silty sandy ClAY with wood 
fragments; wet, slight odor. 

Boring terminated at 20 feet and well 
lnstaned on 12/25/90. 

Soft to medium stiff. black, siHy fine 
SAND with pebbles; wet. slight odor. 

Boring terminated at 20.0 feet and well 
Installed on 1 0/26/90. 

CRent Name: Alaska Marine Unes 
Project Name: 7100 2 NO Ave. 

Drlllng Co.: GeoBoring & Development. he. 
Drillng Method: Hollow-stem Auger 

Logged By: MAC Reference Elevation: M>N • 3 99.71' 
M>N-4 99.42' 

Well Descrtptlon 

SUrface Casing: Flush Mounted Filter Pack: 10-20SilicaSand 
Surface Seal: Concrete Seal: Bentonite 
Well Casing: 4' Scheel. 40. PVC Grout: Concrete 
Well Screen: O.Ql' slots, Sched 40. PVC 

I ~b~.21~8~01~~~-------------------------~m~&MoM 
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Notes: 

Monitoring Well Construction and 
Geological Boring Log 

MW·S 

Asphalt 

Loose. dark brown to black. slty fhe to 
coarse SAND: dry. sight odor. blow 
coun11 are high becaL.Be of brick debris. 

Medium stiff. grey, clayey fine SAND with 
wood particles; moist. no odor. 

Very loose to loose. black. silty fine 
SAND: moist. no odor. 

Boring terminated at 20.0 feet and wen 
installed on 1/22/91. 

:0 
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~ Q.Cl 
Q)u.. 
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0 
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MW·6 

Asphalt 

Medium dense. black. fine SAND with 
some coarse grains; dry. no odor. 

Loose, black. clayey fine SAND with 
occasional lenses of wood fragments; 
moist. no odor. 

Loose. black. interbedded clayey fine 
SAND and ClAY; moist, no odor. 

Boring terminated at 20.0 feet and well 
installed on 1/23/91. 

Clent Name: AlaS<a Marine lhes 
Project Name: 71002 NO Ave. 

Drilling Co.: GeoBorfng & Development. Inc. 
Drilling Method: Hollow-Stem Auger 

Logged By: IMW Reference Elevation: MW - 5 98.32' 
MW- 6 98.43' 

Wef! pescrfotloo 

Surface Casing: Rush Mounted Riter Pack: 10- 20 Silica Sand 
Surface Seal: Concrete Seal: Bentonite 
Wall Casing: 4' Sched. 40, PVC Grout: Concrete 
Well Screen: 0.01' slots. Sched 40. PVC 

Job No. 21048-001-005,-------------------------Dames & Moor 
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MW-7 

Asphalt 

Monitoring Well Construction and 
Geological Boring Log 

SG- 1 

Asphalt 

2.5' 

Loose. grey to block. clayey tine SAND 
with Interbedded sandy cloy; dry. no 
odor. 

Medium dense to loose. block, medium 
to coarse SAND with pebbles up to lh inch 
in diameter; dry, strong odor. 

Very loose. block. sandy SILT and silty 
SAND; damp. slight petroleum odor. 

Boring terminated at 12.0 teet and wea 
instaled on 10/26/90. 

Boring terminated at 20.0 teet and well 
Installed on 1/23/91. 

Notes: 
Cleat Nome: Alaska Morine Lhes 
Pro)ectNome: 71002NDAve. 
Logged By: IMW 

Well Descdptjoo 

Surface Casing: Flush Mounted 
Surface Seal: Concrete 
Well Casing: 4" Sched. 40. PVC 
Well Screen: 0.01" slots. Schad 40. PVC 

Drilling Co.: GeoBorlng & Development. Inc. 
Drilling Method: Hollow-Stem Auger 
Reference Elevation: MW - 7 99.48' 

Riter Pock: 10-20SilicoSond 
Seal: Bentonite 
Grout: Concrete 

7 ' 

~~bN~21~8~01~~.-------------------------~m~&Mom 
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Alden Analytical 
Laboratories, Inc. 

November 9,1990 

Dames & Moore 
Attn: Wanda Schulze 
500 Market Place Tower 
20251st Avenue 
Seattle, WA 98121 

IN RE: ALDEN PROJECT NUMBER 9010028/1 

Dear Wanda: 

I have enclosed the analytical results for the samples submitted to Alden Labs 
October 25, 1990. The samples were analyzed for TEPH using Method 8015-
Modified and BTEX using Method 8240. 

It is Alden's policy to dispose of all samples and extracts two weeks from report 
date unless notified otherwise. If you have any questions please feel free to call 
me. 

Sincerely, 

-.n-•M· ....... 0e~ 
oratory Manager 

Enclosures 

I 001 SW Klickitat Way 
Seattle. WA 98 I 34 
Telephone 1206) 623-3660 
Facsimile !206) 624-8778 
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REPORT OF ANALYTICAL RESULTS 

Client: Dames & Moore 
Client Sample Number: See below 
Date of Sample Receipt: 10/25/90 
Matrix: Soil 

Client 
SamplelD 

N/A 
MW-13.5 
MW-1 8.5 
MW-113.5 
MW-23.5 
MW-213.5 
MW-218.5 
MW-33.5 
MW-313.5 
MW-318.5 

Alden 
Sample Number 

Blank 
5317 
5318 
5319 
5320 
5321 
5322 
5323 
5324 
5325 

Extraction Date 

11/8/90 
11/8/90 
11/8/90 
11/8/90 
11/8/90 
11/8/90 
11/8/90 
11/8/90 
11/8/90 
11/8/90 

I Note: Results are reported to two significant figures. 

I 
I 
I 
I 
I 
I 
I 
I 

Analysis Date 

11/11/90 
11/11/90 
11/11/90 
11/11/90 
11/11/90 
11/11/90 
11/11/90 
11/11/90 
11/11/90 
11/11/90 

Alden Job Number: 9010028/1 
Alden Sample Number: See below 
Analysis Method: 8015-Modified 
Reporting Units: mg/kg 

Total Extractable Hydrocaibons 

<2.0 
720 
480 
820 
25 

110 
350 
550 
380 
540 
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Alden Analytical 
Laboratories, Inc. 

TPH {80 15-Mod). GRAPHICAl. SUMMARY* 

Run Time (Min.) 5 10 

Clienl: Dames & Uoore 
Alden Project: 9010028/1 

15 20 

llift:~uw·=~t'3:~:::~~~f:l 

~u~:'fT~r~:l 

~'<~E-Ga~ J<( Diesel 2 

I<( Diesel 1 )>I 

Elution Ran,ges: Gasoline 5-10 minutes 
Diesel I 5-17 minutes 
Diesel 2 10-22 minutes 
Oil (30W) 22-50 minutes 

,., 

25 30 35 40 45 

480 ppm 

820 ppm 

25 ppm 

110 ppm 

350 ppm 

550 ppm 

380 ppm 

540 ppm 

~'<E-------on (30 Weight),------?.; 

•Note: This ~raphical representation is intended to provide a qualitative 
measurement of the elution ran~e of hydrocarbons present in the 
sample versus known petroleum standards. 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

Client: Dames & Moore 
Client Sample Number: MW-13.5 
Date of Sample Receipt: 10/25/90 
Date of Sample Extraction: N I A 
Date of Sample Analysis: 11/7/90 

Compound Name 

Benzene 
Toluene 
Ethylbenzene • m,p-Xylene 
o-Xylene 

Surrogate 

CAS Number 

71-43-2 
108-88-3 
100-41-4 
1330-20-7 
1330-20-7 

1,2-Dichloroethane-d4 
Toluene-d8 
Brornofluorobenzene 

Alden Job Number: 9010028/1 
Alden Sample Number: 5317 
Analysis Method: EPA 8240 
Matrix: Soil 
Reporting Units: ug/kg as received 

Detection Umit 

2.0 
20 
20 
2.0 
2.0 

Percent Recovery 

85 
110 
88 

Result 

<2.0 
<2.0 
<2.0 
<2.0 
<2.0 

I • m-Xylene and p-xylene cannot be separated and are reported here as a total of the two isomers. 

I 
I 
I 
I 
I 
I 
I 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

Client: Dames & Moore 
ClientSampleNumber: MW-18.5 
Date of Sample Receipt: 10/25/90 
Date of Sample Extraction: N I A 
Date of Sample Analysis: 11/7/90 

Compound Name 

Benzene 
Toluene 
Ethylbenzene .. 
m,p-Xylene 
o-Xylene 

Surrogate 

CAS Number 

71-43-2 
108-88-3 
100-41-4 
1330-20-7 
1330-20-7 

1;1.-Dichloroethane-d4 
Toluene-d8 
Bromofluorobenzene 

Alden Job Number: 9010028/1 
Alden Sample Number: 5318 
Analysis Method: EPA 82.40 
Matrix: Soil 
Reporting Units: ug/kg as received 

Detection Limit 

2.0 
20 
2.0 
2.0 
2.0 

Percent Recovery 

88 
100 
93 

Result 

<2.0 
<2.0 
<2.0 
<2.0 
<2.0 

I ,. m-Xylene and p-xylene cannot be separated and are reported here as a lf~lal of the two isomers. 

I 
I 
I 
I 
I 
I 
I 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

• 

Client: Dames & Moore 
Client Sample Number. MW-1 13.5 
Date of Sample Receipt: 10/25/90 
Date of Sample Extraction: N I A 
Date of Sample Analysis: 11/7/90 

Compound Name 

Benzene 
Toluene 
Ethylbenzene • m,p-Xylene 
a-Xylene 

Surrogate 

CAS Number 

71-43-2 
108-88-3 
100-41-4 
1330-20-7 
1330-20-7 

1,2-Dichloroethane-d4 
Toluene-d8 
Bromofluorobenzene 

Alden Job Number: 9010028/1 
Alden Sample Number. 5319 
Analysis Method: EPA 8240 
Matrix: Soil 
Reporting Units: ug/kg as received 

Detection Limit 

5.0 
5.0 
5.0 
5.0 
5.0 

Percent Recovery 

88 
100 
94 

Result 

<5.0 
<5.0 
<5.0 
<5.0 
<5.0 

m-Xylene and p-xylene cannot be separated and are reported here as a total of the two isomers. 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

Client: Dames & Moore 
Client Sample Number: MW-2 3.5 
Date of Sample Receipt: 10/25/90 
Date of Sample Extraction: N I A 
Date of Sample Analysis: 11/7/90 

Compound Name 

Benzene 
Toluene 
Ethyl benzene 

• m,p-Xylene 
o-Xylene 

Surrogate 

CAS Number 

71-43-2 
108-88-3 
100-41-4 
1330-20-7 
133()...20-7 

1,2-Dichloroethane-d4 
Toluene-d8 
Bromofluorobenzene 

Alden Job Number: 9010028/1 
Alden Sample Number: 5320 
Analysis Method: EPA 8240 
Matrix: Soil 
Reporting Units: ug/kg as received 

Detection Limit 

2.0 
20 
2.0 
2.0 
2.0 

· Percent Recoverv 

89 
98 
97 

Result 

<2.0 
<2.0 
<2.0 
<2.0 
<2.0 

I • m-Xylene and p-xylene cannot be separated and are reported here as a total of the two isomers. 

I 
I 
I 
I 
I 
I 
I 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

.. 

Client: Dames & Moore 
Client Sample Number: MW-2 13.5 
Date of Sample Receipt: 10/25/90 
Date of Sample Extraction: N I A 
Date of Sample Analysis: 11/7/90 

Compound Name 

Benzene 
Toluene 
Ethyl benzene .. 
m,p-Xylene 
o-Xylene 

Surrogate 

CAS Number 

71-43-2 
108-88-3 
100-41-4 
1330-20-7 
1330-20-7 

1,2-Dichloroethane-d4 
Toluene-d8 
Bromofluorobenzene 

Alden Job Number: 9010028/1 
Alden Sample Number: 5321 
Analysis Method: EPA 8240 
Matrix: Soil 
Reporting Units: ug/kg as received 

Detection Limit 

2.0 
20 
2.0 
2.0 
2.0 

Percent Recovery 

88 
110 

95 

Result 

50 
<2.0 
<2.0 
<2.0 
<2.0 

m-Xy_Iene and p-xylene cannot be separated and are report:<~ here as a total of the two isomers. 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

... 

Client: Dames & Moore 
Client Sample Number: MW-2 18.5 
Date of Sample Receipt: 10/25/90 
Date of Sample Extraction: N I A 
Date of Sample Analysis: 11/8/90 

Compound Name 

Benzene 
Toluene 
Ethyl benzene ... 
m.p-Xylene 
o-Xylene 

Surrogate 

CAS Number 

71-43-2 
108-88-3 
100-41-4 
1330-20-7 
1330-20-7 

1,2-Dichloroethane-d4 
Toluene-d8 
Bromofluorobenzene 

Alden Job Number: 9010028/1 
Alden Sample Number: 5322 
Analysis Method: EPA 8240 
Matrix: Soil 
Reporting Units: ug/kg as received 

Detection Limit 

2.0 
2.0 
2.0 
2.0 
2.0 

Percent Recovery 

88 
100 
94 

Result 

<2.0 
<2.0 
<2.0 
<2.0 
<2.0 

m-Xylene and p-xylene cannot be separated and are reported here as a total of the two isomers. 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

• 

Client: Dames & Moore 
Client Sample Number: MW-3 3.5 
Date of Sample Receipt: 10/25/90 
Date of Sample Extraction: N I A 
Date of Sample Analysis: 11 /8/~ 

Compound Name 

Benzene 
Toluene 
Ethylbenzene 

• m,p-Xylene 
o-Xylene 

Surrogate 

CAS Number 

71-43--2 
108-88-3 
100-41-4 
1330-20-7 
1330-20-7 

1,2-Dichloroethane-d4 
Toluene-d8 
Brornofluorobenzene 

Alden Job Number: 9010028/1 
Alden Sample Number: 5323 
Analysis Method: EPA 8240 
Matrix: Soil 
Reporting Units: ug/kg as received 

Detection Limit 

2.0 
20 
2.0 
2.0 
20 

Percent Recovery 

86 
115 
83 

Result 

15 
2.3 

<2.0 
<2.0 
<2.0 

m-Xylene and p-xylene cannot be separated and are reported here as a total of the two isomers. 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

.. 

Client: Dames & Moore 
Client Sample Number: MW-313.5 
DateofSampleReceipt 10/25/90 
Date of Sample Extraction: N I A 
Date of Sample Analysis: 11/8/90 

Compound Name 

Benzene 
Toluene 
Ethyl benzene .. 
m,p-Xylene 
o-Xylene 

Surrogate 

CAS Number 

71-43-2 
108-88-3 
100-41-4 
1330-20-7 
1330-20-7 

1,2-Dichloroethane-d4 
Toluene-d8 
Bromofluorobenzene 

Alden Job Number: 9010028/1 
Alden Sample Number. 5324 
Analysis Method: EPA 8240 
Matrix: Soil 
Reporting Units: ug/kg as received 

Detection Limit 

2.0 
2.0 
2.0 
2.0 
2.0 

Percent Recovery 

88 
100 
93 

Result 

28 
<2.0 
<2.0 
<2.0 
<2.0 

m-Xylene and p-xylene cannot be separated and are reported here as a total of the two isomers. 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

.. 

Client: Dames & Moore 
Client Sample Number: MW-3 18.5 
Date of Sample Receipt: 10125190 
Date of Sample Extraction: N I A 
Date of Sample Analysis: 11 I 8190 

Compound Name 

Benzene 
Toluene 
Ethylbenzene .. 
m,p-Xylene 
o-Xylene 

Surrogate 

CAS Number 

71-43-2 
108-88-3 
10041-4 
1330-20-7 
1330-20-7 

1;2.-Dichloroethane-d4 
Toluene-d8 
Bromofluorobenzene 

Alden Job Number: 901002811 
Alden Sample Number: 5325 
Analysis Method: EPA 8240 
Matrix: Soil 
Reporting Units: uglkg as received 

Detection Limit 

2.0 
20 
2.0 
2.0 
2.0 

Percent Recovery 

90 
100 
95 

Result 

<2.0 
<2.0 
<2.0 
<2.0 
<2.0 

m-Xylene and p-xylene cannot be separated and are reported here as a total of the two isomers. 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

• 

Client: Dames & Moore 
Client Sample Number: MW-4 3.5 
Date of Sample Receipt: 10/26/90 
Date of Sample Extraction: N I A 
Date of Sample Analysis: 11/9/90 

Compound Name 

Benzene 
Toluene 
Ethylbenzene 

• m,p-Xylene 
o-Xylene 

Surrogate· 

CAS Number 

71-43-2 
108-88-3 
100-41-4 

1330-20-7 
1330-20-7 

1,2-Dichloroethane-d4 
Toluene-d8 
Bromofluorobenzene 

Alden Job Number: 9010031/1 
Alden Sample Number: 5358 
Analysis Method: EPA 8240 
Matrix: Soil 
Reporting Units: ug/kg as received 

Detection Limit 

5.0 
5.0 
5.0 
5.0 
5.0 

Percent Recovery 

87 
103 
92 

Result 

<5.0 
< 5.0 
<5.0 
<5.0 
<5.0 

m-Xylene and p-xylene cannot be separated and are reported here as a total of the two isomers. 
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Seattle. WA 98134 
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~ 
Alden Analytical 
Laboratories, Inc. 

November 12,1990 

Dames & Moore 
Attn: Wanda Schulze 
500 Market Place Tower 
2025 1st Avenue 
Seattle, WA 98121 

IN RE: ALDEN PROJECf NUMBER 9010031 /1 

Dear Wanda: 

I have enclosed the analytical results for the samples submitted to Alden Labs 
October 26, 1990. The samples were analyzed for TEPH using Method SOlS
Modified and BTEX using Method 8240. 

It is Alden's policy to dispose of all samples and extracts two weeks from report 
date unless notified otherwise. If you have any questions please feel free to call 
me. 

Sincerely, 

M.Bu:;;8)~. 
oratory Manager 

Enclosures 

I 1001 SW Klickitat Way 
Seattle. WA 981 34 
lelephone (206) 623-3660 I Facsimile {206) 624-8778 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

Client: Dames &: Moore 
Client Sample Number: See below 
Date of Sample Receipt: 10/26/90 
Matrix: Soil 

Oient 
SampleiD 

N/A 
SB-13.5 
SB-11l.5 
SB-23.5 
SB-28.5 
SB-33.5 
SB-3lt.5 
SG-13.5 
SG-111.5 
MW-43.5 

Alden 
Sample Number 

Blank 
5347 
5349 
5350 
5352 
5353 
5354 
5355 
5357 
5358 

Extraction Date 

ll/9/90 
ll/9/90 
ll/9/90 
ll/9/90 
ll/9/90 
11/9/90 
11/9/90 
ll/9/90 
11/9/90 
ll/9/90 

Note: Results are reported to two significant figures. 

Analysis Date 

11/ll/90 
11/ll/90 
11/ll/90 
ll/ll/90 
ll/ll/90 
11/11/90 
U/11/90. 
11/11/90 
11/11/90 
ll/11/90 

Alden Job Number: 9010031/1 
Alden Sample Number: See below 
Analysis Method: 8015-Modified 
Reporting Units: mg/kg 

Total Extractable Hydrocarbons 

<2.0 
12 
73 
57 

350 
99 
31 

2800 
18 

360 
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Alden Analytical 
Laboratories, Inc. 

TPH {8015-Mod) GRAPHICAL SUMMARY* 

Run Time (Min.) 5 10 

Clienl: Dames lie Moore 
Alden Project: 9010031/1 

15 20 25 30 

l::::::,,:::::::ti:::::::::ltt:ss~ i···rrr;:::::::mmt:t:;;::;;::::rJ 

~m; .. ;;:iM:;.!!:;~:m:ss·:::r~: .. g,;;::.;,~::::::,=~:::=:::::::::::::::::::::=::=::J 
l:m~::;::::::~;:::::::::::·ss:2'''Er5·:;;::;:::@;:::=:::::::::~:::a 

!:·.,:.;::::rs~·:·j'···a:t=:M:1=il 

l:::::;:::::=:,::::::::::::;~:;:=(ss:~r··t·I:&:::::::l::::::::;m::=l 

lr:M#ri=r··?r5,,,:::J 

35 40 45 

tii(-Gas-Jlo1ioiiiiii(E--Diesel 2?.----i)lioll>!l Oil (30 Weight)-------JIIi 

Iii( Diesel 1---3)>11>!1 

Elution Ranges: Gasoline 5-10 minutes 
Diesel I 5-17 minutes 
Diesel 2 10-22 minutes 
Oil {30W) 22-50 minutes 

•Note: This 2raphical representation is intended to provide a qualitative 
measurement of the elution ran2e of hydrocarbons present in the 
sample versus known petroleum standards. 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

• 

Client: Dames & Moore 
CJient Sample Number: SB-1 3.5 
Date of Sample Receipt: 10/26/90 
Date of Sample Extraction: N I A 
Date of Sample Analysis: 11/9/90 

Compound Name 

Benzene 
Toluene 
Ethylbenzene • m,p-Xylene 
o-Xylene 

Surrogate 

CAS Number 

71-43-2 
108-88-3 
100-41-4 
1330-20-7 
1330-20-7 

1;1.-Dichloroethane-d4 
Toluene-d8 
Bromofluorobenzene 

Alden Job Number: 9010031/1 
Alden Sample Number: 5347 
Analysis Method: EPA 8240 
Matrix: Soil 
Reporting Units: ug/kg as received 

Detection Limit 

5.0 
5.0 
5.0 
5.0 
5.0 

Percent Recovery 

85 
101 
102 

Result 

<5.0 
<5.0 
<5.0 
<5.0 
<5.0 

m-Xylene and p-xylene cannot be separated and are reported !'ere as a total of the two isomers. 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

Client: Dames & Moore 
Client Sample Number: SB-1 11.5 
Date of Sample Receipt: 10/26/90 
Date of Sample Extraction: N I A 
DateofSampleAnalysis: 11/9/90 

Compound Name 

Benzene 
Toluene 
Ethyl benzene 

• m,.p-Xylene 
o-Xylene 

Surrogate 

CAS Number 

71-43-2 
10g...88-3 
100-41-4 

1330-20-7 
1330-20-7 

1;2.-Dichloroethane-d4 
Toluene-d8 
Bro~fluorobenzene 

Alden Job Number: 9010031/1 
Alden Sample Number: 5349 
Analysis Method: EPA 8240 
Matrix: Soil 
Reporting Units: ug/kg as received 

Detection Limit 

5.0 
5.0 
5.0 
5.0 
5.0 

Percent Recovery 

87 
102 
102 

Result 

<5.0 
<5.0 
<5.0 
<5.0 
<5.0 

I • m-Xylene and p-xylene cannot be separat_ed and are reported here as a total of the two isomers. 

I 
I 
I 
I 
I 
I 
I 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

.. 

Client: Dames & Moore 
Client Sample Number: SB-2 3.5 
Date of Sample Receipt 10/26/90 
Date of Sample Extraction: N I A 
DateofSampleAnalysis: 11/9/90 

Compound Name 

Benzene 
Toluene 
Ethyl benzene .. 
m,p-Xylene 
o-Xylene 

Surrogate 

CAS Number 

71-43-2 
108-88-3 
100-41-4 

1330-20-7 
1330-20-7 

1;1.-Dichloroethane-d4 
Toluene-dg 
Bromofluorobenzene 

Alden Job Number: 9010031/1 
Alden Sample Number: 5350 
Analysis Method: EPA 8240 
Matrix: Soil 
Reporting Units: ug/kg as received 

Detection Limit 

5.0 
5.0 
5.0 
5.0 
5.0 

Percent Recovery 

85 
102 
95 

Result 

<5.0 
< 5.0 
<5.0 
<5.0 
<5.0 

m-Xylene and p-xylene cannot be separated and are reported here as ~ total of the two isomers. 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

.. 

Client: Dames & Moore 
Client Sample Number. SB-2 8.5 
Date of Sample Receipt 10/26/90 
Date of Sample Extraction: N I A 
Date of Sample Analysis: 11/9/90 

Compound Name 

Benzene 
Toluene 
Ethylbenzene .. 
m,p-Xylene 
o-Xylene 

Surrogate 

CAS Number 

71-43-2 
108-88-3 
100-41-4 

1330-20-7 
1330-20-7 

1,2-Dichloroethane-d4 
Toluene-d8 
Brornofluorobenzene 

Alden Job Number: 9010031/1 
Alden Sample Number. 5352 
Analysis Method: EPA 8240 
Matrix: Soil 
Reporting Units: ug/kg as received 

Detection Limit 

5.0 
5.0 
5.0 
5.0 
5.0 

Percent Recovery 

87 
100 
98 

Result 

<5.0 
< 5.0 
<5.0 
<5.0 
<5.0 

rn-Xylene and p-xylene cannot be separated and are reported here as a total of the two isomers. 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

• 

Client: Dames & Moore 
Client Sample Number. SB-3 3.5 
Date of Sample Receipt: 10/26/90 
Date of Sample Extraction: N I A 
Date of Sample Analysis: 11/9/90 

Compound Name 

Benzene 
Toluene 
Ethyl benzene • m,p-Xylene 
o--Xylene 

Surrogate 

CAS Number 

71-43-2 
108-88-3 
100-41-4 

1330-20-7 
1330-20-7 

1,2-Dichloroethane-d4 
Toluene-d8 
BronAOftuorobenzene 

Alden Job Number: 9010031/1 
Alden Sample Number. 5353 
Analysis Method: EPA 8240 
Matrix: Soil 
Reporting Units: ug/kg as received 

Detection Limit 

5.0 
5.0 
5.0 
5.0 
5.0 

Percent Recovery 

86 
103 
94 

Result 

<5.0 
<5.0 
<5.0 
<5.0 
<5.0 

m-Xylene and p-xylene cannot be separated and are reported here as a total o! the two isomers. 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

• 

Client: Dames & Moore 
Client Sample Number: SB-3 11.5 
Date of Sample Receipt: 10/26/90 
Date of Sample Extraction: N I A 
Date of Sample Analysis: 11/9/90 

Compound Name 

Benzene 
Toluene 
Ethylbenzene 

• m,p-Xylene 
o-Xylene 

Surrogate 

CAS Number 

71-43-2 
108-88-3 
100-41-4 

1330-20-7 
1330-20-7 

1,2-Dichloroethane-d4 
Toluene-dg 
Bromofluorobenzene 

Alden Job Number: 9010031/1 
Alden Sample Number: 5354 
Analysis Method: EPA 8240 
Matrix: Soil 
Reporting Units: ug/kg as received 

Detection Limit 

5.0 
5.0 
5.0 
5.0 
5.0 

Percent Recovery 

88 
98 
99 

Result 

<5.0 
<5.0 
<5.0 
<5.0 
<5.0 

m-_?<ylene and p-xylene cannot be separated and are reJX?rted here as a total of the two isomers. 
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Alden Analytical 
Laboratories/ Inc. 

REPORT OF ANALYTICAL RESULTS 

.. 

Client: Dames &: Moore 
ClientSampleNumber: SG-13.5 
Date of Sample Receipt: 10/26/90 
Date of Sample Extraction: N I A 
Date of Sample Analysis: 11/9/90 

Compound Name 

Benzene 
Toluene 
Ethyl benzene .. 
m,p-Xylene 
o-Xylene 

Surrogate 

CAS Number 

71-43-2 
108-88-3 
100-41-4 

1330-20-7 
1330-20-7 

1,2-Dichloroethane-d4 
Toluene-d8 
Bromofluorobenzene 

Alden Job Number: 9010031/1 
Alden Sample Number: 5355 
Analysis Method: EPA 8240 
Matrix: Soil 
Reporting Units: ug/kg as received 

Detection Limit 

5.0 
5.0 
5.0 
5.0 
5.0 

Percent Recovery 

82 
104 
95 

Result 

97 
13 

<5.0 
18 

<5.0 

m-Xylene and p-xylene cannot be separated and are reported here as a total of the tw~ isomers. 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

... 

Client: Dames &: Moore 
ClientSampleNumber: SG-111.5 
Date of Sample Receipt: 10/26/90 
Date of Sample Extraction: N I A 
Date of Sample Analysis: 11 /9/90 

Compound Name 

Benzene 
Toluene 
Ethylbenzene ... 
m,p-Xylene 
o-Xylene 

Sunogate 

CAS Number 

71-43-2 
108-88-3 
100-41-4 

1330-20-7 
1330-20-7 

1,2-Dichloroethane-d4 
Toluene-d8 
Bromofluorobenzene 

AJdenJob Number. 9010031/1 
Alden Sample Number: 5357 
Analysis Method: EPA 8240 
Matrix: Soil 
Reporting Units: ug/kg as received 

Detection Limit 

5.0 
5.0 
5.0 
5.0 
5.0 

Percent Recovery 

88 
99 
98 

Result 

10 
<5.0 
<5.0 
<5.0 
<5.0 

m-Xylene and p-xylene cannot be separated and are reported here as a total of the two isomers. 
- -
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Alden Analytical 
Laboratories, Inc. 

December 21, 1990 

Dames & Moore 
Attn: Sue Kent 
500 Market Place Tower 
20251st Avenue 
Seattle, WA 98121 

IN RE: ALDEN PROJECf NUMBER 9012010/1 

Dear Sue: 

I have enclosed the analytical results for the samples submitted to Alden on 
December 13, 1999. The soil samples were anal~ed for TEPH using Method 
8015-Modified, Volatiles using Method 8240, and PAHs using MethOd 8270. 
Dames & Moore sample number SB-5-13 was inadvertently exposed to the 
extractions laboratory environment resulting in some elevated levels of acetone 
and methylene chlonde. 

The original invoice will be sent to your attention at a later date. 

It is Alden's policy to dispose of all samples and extracts after the hold time has 
expired unless notified otherwise. If you have any questions please feel free to 
contact me. 

Sincerely, 

~d)~ 
o n M. Buerger 

L b Manager 

Enclosures 

I 00 I SW Klickitat Way 
Seattle. WA 98134 
Telephone (206) 623-3660 
Facsimile {206) 624-8778 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

Client: Dames & Moore 
Client Sample Number: See below 
DateofSample Receipt 12/13/90 
Matrix: Soil 

Client Alden 
Sample ID Sample Number 

N/A Blank 
SB-4-8 Sl07 
SB-4-13 Sl08 
SB-4-18 5709 
SB-4-23 Sl10 
SB-4-28 Slll 
SB-4-33 Sl12 
SB-5-13 5715A 
SB-5-18 5716A 
SB-5-23 5717A 
SB-5-28 5718A 
SB-5-33 5719A 

Extraction Date 

12/17/90 
12/17/90 
12/17/90 
12/17/90 
12/17/90 
12/17/90 
12/17/90 
12/17/90 
12/17/90 
12/F/90 
12/17/90 
12/17/90 

Note: Results are reported to two significant figures. 

Analysis Date 

12/19/90 
12/19/90 
12/19/90 
12/19/90 
12/19/90 
12/19/90 
12/19/90 
12/19/90 
12/19/90 
12/19/90 
12/19/90 
12/19/90 

Alden Job Number: 9012010/1 
Alden Sample Number: See below 
Analysis Method: 8015-Modified 
Reporting Units: mg/kg 

Total Extractable Hydrocarbons 

<2.0 
130 
'lfJ7 
460 
240 
450 
55 

210 
3600 

110 
340 

59 
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~~ 
Alden Analytical 
Laboratories, Inc. 

TPH (80 15 Mod) GRAPHICAL SUMMARY* 

Run Time (Min.) 5 10 

Client: Dames & Moore 
Alden Project: 9012010/1 
Matrix: Soil 
Graph 1 

15 20 25 30 35 

h \ :,-.· :::;8~4~8{:) )::::::,_] 130 ppm 

IF• .:\88~4-13}\·>< ?j207ppm 

LO: :{il:s8~4~i~.:.:: . ?/: .:!1 46o ppm 

:::·::··:::·::::::::::::mi::·s·ir~·4-~2~t::::::::::::: : ::::::,::I: I 24o_ ppm 

450 pp~ 

55 ppm 

40 45 

~Gas--+-i 1"11<(~-0iesel 2--.;)IJ>~I ~------Oil (30 Weight)------~ 

I<( Diesel 1----l)IJ>~I 

Elution Ranges: Gasoline 5-10 minutes 
Diesel I 5-17 minutes 
Diesel 2 10-22 minutes 
Oil (30W) 22-50 minutes 

•Note: This J!:raphical representation is intended to provide a qualitative 
measurement or the elution ran11;e or hydrocarbons present in the 
sample versus known petroleum standards. 
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~ 
Alden Analytical 
Laboratories, Inc. 

TPH {80 15-Mod) GRAPHICAl. SUMMARY* 

Run Time (Min.) 5 10 

Client: Dames &: Moore 
Alden Project: 9012010/1 
Malrix: Soil 
Graph 2 

15 20 25 30 35 40 45 

210 ppm 

3600 ppm 

110 ppm 

340 ppm 

59 ppm 

f"'i(-Gas-)>i t<ll'i(~-Diesel 2~--;)>~1..,..------0il (30 lfeight)-------:JI'I 

I'( Diesel 1----:J)>IIoil 

Elution Ranges: Gasoline 5- tO minutes 
Diesel I 5-17 minutes 
Diesel 2 I 0-22 minutes 
Oil (30W) 22-50 minutes 

•Note: This graphical representation is intended to provide a qualilalive 
measurement of the elulion ranp;e of hydrocarbons present in the 
sample versus known petroleum standards. 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

Client: Dames &: Moore 
Client Sample Number: N I A 
Date of Sample Receipt: N I A 
Date of Sample Extraction: 12114190_ 
Date of Sample Analysis: 12/17190 

Com ound Name 

BASE/NEUTRAL EXTRACTABLE COMPOUNDS 

Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene · 
Benzo(g,h,i)perylene 
Ch.t:ysene 
Dibenzo(a,h)anthracene 
Dl"benzofuran 
Fluoranthene 
Fluorene 
lndeno(1,2,3-c,d)pyrene 
2-Methylnaphthalene 
Naphthalene 
Phenanthrene 
Pyrene 

CAS No. 

83-32-9 
208-96-8 
120-12-7 
56-55-3 
205-99-2 
207-08-9 
50-32-8 
191-24-2 
218-01-9 

. 53-70-3 
132-64-9 
206-44-0 
86-73-7 
193-39-5 
91-57-6 

- 91-20-3 
85-01-8 
129-00-0 

Surrogate Amount Added 

Nitrobenzene-ds 100ug 
2-Fluorobiphenyl 100ug 
p-Terphenyi-d14 100ug 
Phenoi-d6 200ug 
2-Fluorophenol 200ug 
2,4,6-Tribromophenol 200ug 

Percent Recovery 

67 
67 
84 
67 
66 
67 

Alden Job Number: 901201011 
Alden Sample Number: Blank. 
Analysis Method: EPA 8270 
Matrix: Soil 
Reporting Units: uglkg 

Limit Result 

30 <30 
30 <30 
30 <30 
30 <30 
60 <60 
60 <60 
60 <60 
60 <60 
30 <30 
60 <60 
30 <30 
30 <30 
30 <30 
60 <60-
30 <30 
30 <30 
30 <30 
30 <30 

Recovery Limits 

23-120 
30-115 
18-137 
24-113 
25-121 
19-122 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

Client: Dames & Moore 
Client Sample Number. SB-4-8 
Date of Sample Receipt: 12/13/90 
Date of Sample Extraction: 12/14/90 
Date of Sample Analysis: 12/17/90 

Com ound Name 

BASE/NEUTRAL EXTRACTABLE COMPOUNDS 

Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene 

· Benzo(b)fluoranthene 
Benzo(k)fluorantl}ene 
Benzo(a)pyrene 
Benzo(g,h,i)perylene 
Chtysene 
Dibenzo(a,h)anthracene 
Dibenzofuran 
Fluoranthene 
Fluorene 
Indeno(1,2,3-c,d)pyrene 
2-Methylnaphthalene 
Naphthalene 
Phenanthrene 
Pyrene 

CAS No. 

83-32-9 
208-96-8 
120-12-7 
56-55-3 
205-99-2 
207-QS-9 
50-32-8 
191-24-2 
218-01-9 
53-70-3 

. 132-64-9 
206-44-0 
86-73-7 
193-39-5 
91-57-6 
91-20-3 
85-01-8 
129-00-0 

Surrogate Amount Added 

Nitrobenzene-d5 lOOug 
2-Fluorobiphenyl 100ug 
p-Terphenyl-d14 100ug 
Phenol-d6 200ug 
2-Fluorophenol 200ug 
2,4,6-Tribromophenol 200ug 

Re 

Percent Recovery 

75 
81 
85 
80 
75 
78 

Alden Job Number. 9012010/1 
Alden Sample Number. '5707 
Analysis Method: EPA 8270 
Matrix: Soil 
Reporting Units: ug/kg 

40 
40 
40 
40 
80 
80 
80 
80 
40 

·so 
40 
40 
40 
80 
40 
40 
40 
40 

Limit Result 

<40 
<40 
<40 
<40 
<80 
<80 
<80 
<80 
<40 
<80 
<40 
<40 
<40 
<80 
<40 
<40 
<40 
<40 

Recovery Umits 

23-120 
30-115 
18-137 
24-113 
25-121 
19-122 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

Client: Dames & Moore 
Client Sample Number: SB-5-13 
Date of Sample Receipt 12/13/90 
Date of Sample Extraction: 12/14/90 
Date of Sample Analysis: 12/17/90 

Com ound Name 

BASWNEUTRALEXT.RACTABLECOMPOUNDS 
Acenaphthene 
Acenaphthylene 
Anthracene · 
Benzo(a)anthracene 
Benzo(b)fluoranthene 
Benzg(k)fluoranthene 
Benzo(a)pyrene 
Benzo(g,h,i)perylene 
Chtysene 
Dibenzo(a,h)anthracene 
Dibenzofuran 
Fluoranthene 
Fluorene 
lndeno(l,2,3-c,d)pyrene _ 
2-Methylnaphthalene 
Naphthalene 
Phenanthrene 
Pyrene 

CAS No. 

83-32-9 
208-96-8 
120-12-7 
56-55-3 
205-99-2 
207-QS-9 
50-32-8 
191-24-2 
218-01-9 
53-70-3 ' 
132-64-9 
206-44-() 
86-73-7 
193-39-5 
91-57-6 
91-20-3 
85-01-8 
129-00-0 

Surrogate Amount Added 

Nitrobenzene-d5 100ug 
2-Fluorobiphenyl 100ug 
p-Terphenyt-d14 100ug 
Phenol-d6 200ug 
2-Fluorophenol 200ug 
2,4,6-Tribromophenol 200ug 

Percent Recovery 

50 
66 
82 
53 
48 
79 

Alden Job Number: 9012010/1 
Alden Sample Number: 5715A 
Analysis Method: EPA 8270 
Matrix: Soil 
Reporting Units: ug/kg 

Limit Result 

50 <50 
50 <50 
50 <50 
50 <50 

100 <100 
100 <100 
100' <100 
100 <100 
50 <50 

100 <100 
50 <50 
50 56 
50 <50 

100 < 100 
50 <50 
50 <50 
50 65 
50 70 

Recovery Limits 

23-120 
30-115 
18-137 
24-113 
25-121 
19-122 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

Client: Dames & Moore Alden Job Number: 9012010/1 
Client Sample Number: SB-4-8 Alden Sample Number: 57f17 
Date of Sample Receipt: 12/13/90 Analysis Method: EPA 8240 
Date of Sample Extraction: N I A Matrix: Soil 
Date of Sample Analysis: 12/18/90 Reporting Units: ug/kg 

Com ound Name CAS No. Result 

Acetone 67-64-1 10 220 
Benzene 71-43-2 1.0 < 1.0 
BromodichlQrornethang 75-27-4 1.0 < 1.0 
Bromoform "75-25-2 1.0 < 1.0 
Bromomethane 74-83-9 1.0 < 1.0 
2-ButanQne 78-93-3 10 < 10 
Carbon disulfide 75-15-0 1.0 < 1.0 
Carbon tetrachloride 56-23-5 1.0 < 1.(} 
~hlorQbenzene 1Q8-90-7 1.0 < l.Q 
Chloroethane 75-00-3 1.0 < 1.0 
Chloroform 67-66-3 1.0 < 1.0 
ChlorQmethane 74-87-3 1.0 < 1.0 
Dibromochloromethane 124-48-1 1.0 < 1.0 
1,2-Dichlorobenzene 95-50-1 1.0 < 1.0 
1.3-rnchlorobenzene 541-73-1 1.0 < 1.0 
1,4-Dichlorobenzene 106-46-7 1.0 < 1.0 
1,1-Dichloroethane 1'5-34-3 1.0 < 1.0 
1 ,2-Dichloroethane 107-06-2 1.0 < l.Q 
1,1-rnchloroethene 75-35-4 1.0 < 1.0 
cis-1,2-rnchloroethene 156-60-5 1.0 < 1.0 
trans-1,2-Dichloroethene 156-60-5 1.0 < 1.0 
1,2-Dichloro~ro~ane 78-87-5 1.0 < 1.0 
cis-1 ,3-Dichloropropene 10061-01-5 1.0 < 1.0 
trans-1,3-Dichloropropene 10061-02-6 1.0 < 1.0 
Ethxlbenzene 100-41-4 1.0 < 1.0 
2-Hexanone 591-78-6 10 <10 
Methylene chloride 75-09-2 10 110 
4-Methy:l-2-Pentanone 108-10-1 10 < 10 
Styrene 100-42-5 1.0 < 1.0 
1,1,2,2-Tetrachloroethane 79-34-5 1.0 < 1.0 
Tetrachlorethene 127-18-4 1.0 < 1.0 
Toluene 108-88-3 1.0 < 1.0 
1,1,1-Trichloroethane 71-55-6 1.0 <1.0 
1,1,2-Trichloroethane 79-00-5 1.0 < 1.0 
Trichloroethene 79-01-6 1.0 < 1.0 
Trichlorofluoromethane 75-69-4 10 < 10 
Vinxl acetate 108-05-4 10 <10 
Vinyl chloride 75-01-4 1.0 < 1.0 
o-Xylene 1330-20-7 1.0 < 1.0 
m,p-Xylene 

.. 
1330-20-7 1.0 < 1.0 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

Client: Dames & Moore 
Client Sample Number: SB-4-8 
Date of Sample Receipt: 12/13/90 
Date of Sample Extraction: N I A 
Date of Sample Analysis: 12/18/90 

Surrogate 

1,2-Dichloroethane-d4 
Toluene-d8 
Bromofluorobenzene 

Alden Job Number: 9012010/1 
Alden Sample Number: 5707 
Analysis Method: EPA 8240 
Matrix: Soil 
Reporting Units: ug/kg 

Amount Added Percent Recovery Recovery Limits 

250ng 110 
250 ng 100 
250 ng 94 

86-115 
76-114 
88-110 

""m-Xylene and p-xylene cannot be separated and are reported here as a total of the two isomers. 
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Alden Analytical 
Laboratories, Inc. 

I REPORT OF ANALYTICAL RESULTS 

I Client: Dames & Moore Alden Job Number: 9012010/1 
Client Sample Number: SB-5-13 Alden Sample Number: 5715B 

I 
Date of Sample Receipt: 12/13/90 Analysis Method: EPA 8240 
Date of Sample Extraction: N/ A Matrix: Soil 
Date of Sample Analysis: 12/18/90 Reporting Units: ug/kg 

I Com ound Name CAS No. Re Limit Result 

Acetone 67-64-1 10 94 

I Benzene 71-43-2 1.0 < 1.0 
Bromodi~hlorQmeth!!ne 75-27-4 1.0 < 1.0 
Bromoform 75-25-2 1.0 < 1.0 

I 
Bromo methane 74-83-9 1.0 < 1.0 
2-Butanone 78-93-3 10 <10 
Carbon disulfide 75-15-0 1.0 < 1.0 
Carbon tetrachloride 56-23-5 1.0 <1.0 

I ChlQrobenzene 108-90-7 1.0 < 1.0 
Chloroethane 75-00-3 1.0 < 1.0 
Chloroform 67-66-3 1.0 < 1.0 

I Chloromethane 74-87-~ 1.0 < 1.0 
Dibromochloromethane 124-48-1 1.0 < 1.0 
1,2-Dichlorobenzene 95-50-1 1.0 < 1.0 

I 
1.3-DichiQrQbenz~n~ 541-73-1 l.Q < 1.0 
1,4-Dichlorobenzene 106-46-7 1.0 < 1.0 
1,1-Dichloroethane 75-34-3 1.0 < 1.0 
1 2-Dichloroethane 107-06-2 1.0 <1.0 

I 1,1-Dichloroethene 75-35-4 1.0 < 1.0 
cis-1 ,2-Dichloroethene 156-60-5 1.0 < 1.0 
trans-1,2-Dichloroethene 156-60-5 1.0 < 1.0 

I 
1 ,2-Dichlorogrogane 78-87-5 1.0 < 1.0 
cis-1,3-Dichloropropene 10061-01-5 1.0 < 1.0 
trans-1,3-Dichloropropene 10061-02-6 1.0 < 1.0 

I 
Ethy:lbenzene 100-41-4 1.0 < 1.0 
2-Hexanone 591-78-6 10 < 10 
Methylene chloride 75-09-2 10 54 
4-Methy:I-2-Pentanone 108-10-1 10 < 10 

I Styrene 100-42-5 1.0 < 1.0 
1,1,2,2-Tetrachloroethane 79-34-5 1.0 < 1.0 
T etrachlorethene 127-18-4 1.0 < 1.0 

I 
Toluene 108-88-3 1.0 < 1.0 
1,1,1-Trichloroethane 71-55-6 1.0 < 1.0 
1 1 2-Trichloroethane 79-00-5 1.0 < 1.0 
Trichloroethene 79-01-6 1.0 < 1.0 

I Trichlorofluoromethane 75-69-4 10 <10 
Viny:l acetate 108-05-4 10 <10 
Vinyl chloride 75-01-4 1.0 < 1.0 

I o-Xylene 1330-20-7 1.0 < 1.0 
* m,p-Xylene 1330-20-7 1.0 < 1.0 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

Client: Dames & Moore 
Client Sample Number: SB-5-13 
Date of Sample Receipt: 12/13/90 
Date of Sample Extraction: N I A 
Date of Sample Analysis: 12/18/90 

Surrogate 

1,2-Dichloroethane-d4 
Toluene-d8 
Bromofluorobenzene 

Alden Job Number: 9012010/1 
Alden Sample Number: 5715B 
Analysis Method: EPA 8240 
Matrix: Soil 
Reporting Units: ug/kg 

Amount Added Percent Recovery· Recovery Limits 

250ng 110 
250ng 110 
250ng 94 

86-115 
76-114 
88-110 

.. . . . . 
m-Xylene and p-xylene cannot be separated and are reported here as a total of the two isomers. 
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I Laboratories, Inc. 
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~ovember15, 1990 

Dames & Moore 
Attn: Sue Kent 
500 Market Place Tower 
2025 1st A venue 
Seattle, WA 98121 

IN RE: ALOE~ PROJECf NUMBER 9011003/1 

Dear Sue: 

I have enclosed the analytical results for the samples submitted to Alden Labs 
~ovember 1, 1990. The samples were analyzed for TEPH using Method 8015-
Modified and BTEX using Method 8240. 

It is Alden's policy to dispose of all samples and extracts two weeks from report 
date unless notified otherwise. If you have any questions please feel free to call 
me. 

Sincerely, 

-n..~ 
Buer er 
ry~nager 

Enclosures 

I I 00 I SW Klickitat Way 
Seattle. WA 98134 
Telephone (206) 623-3660 I Facsimile (206) 624-8778 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

Client: Dames & Moore 
Client Sample Number: See below 
Date of Sample Receipt: 11/1/90 
Matrix: Water 

Client Alden 
SamplelD Sample Number 

N/A Blank 
MW-1 5400C 
MW-2 5401C 
MW-3 5402C 
MW-4 5403C 

'Extraction Date 

11/1/90 
11/1/90 
11/1/90 
11/1/90 
11/1/90 

Note: Results are reported to two significant figures. 

Analysis Date 

11/8/90 
11/8/90 
11/8/90 
11/8/90 
11/8/90 

Alden Job Number: 9011003/1 
Alden Sample Number: See below 
Analysis Method: 8015-Modified 
Reporting Units: mg/L 

Total Extractable Hydrocarbons 

<0.05 
0.59 
0.56 
0.33 
0.27 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

• 

Client: Dames & Moore 
Client Sample Number: N/ A 
Date of Sample Receipt: N/ A 
Date of Sample Extraction: N I A 
Date of Sample Analysis: 11/7/90 

Compound Name 

Benzene 
Toluene 
Ethyl benzene .. 
m,p-Xylene 
o-Xylene 

Surrogate 

CAS Number 

71-43-2 
108-88-3 
100-41-4 
133()..20-7 
1330-20-7 

1;2.-Dichloroethane-d4 
Toluene-dg 
Bromofluorobenzene 

Alden Job Number: 9011003/1 
Alden Sample Number: Blank 
Analysis Method: EPA 624 
Matrix: Water 
Reporting Units: ug/L 

Detection Limit Result 

1.0 
1.0 
1.0 
1.0 
1.0 

Percent Recovery 

100 
99 
98 

< 1.0 
< 1.0 
< 1.0 
< 1.0 
< 1.0 

m-Xylene and p-xylene cannot be ~parated and are reported here as a total of the two ~mers. 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

Client: Dames & Moore 
Client Sample Number: MW-1 
Date of Sample Receipt: 11/1/90 
Date of Sample Extraction: N/ A 
Date of Sample Analysis: 11/7/90 

Compound Name 

Benzene 
Toluene 
Ethylbenzene .. 
m.p-Xylene 
o-Xylene 

Surrogate 

CAS Number 

71-43-2 
108-88-3 
100-41-4 
1330-20-7 
1330-20-7 

l;l-Dichloroethan~4 
Toluene-dg . 
Brornofluorobeniene 

Alden Job Number: 9011003/1 
Alden Sample Number: 5400A 
Analysis Method: EPA 624 
Matrix: Water 
Reporting Units: ug/L 

Detection Limit Result 

1.0 
1.0 
1.0 
1.0 
1.0 

Pe.rcent Recovery 

86 
100 
100 

< 1.0 
< 1.0 
< 1.0 
<1.0 
< 1.0 

I • m-Xylene and .::xylene cannot be separated and are reported here as a total of the two isomers. 

I 
I 
I 
I 
I 
I 
I 
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Alden Analytical 
I Laboratories, Inc. 

I REPORT OF ANALYTICAL RESULTS 

I 
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Client: Dames & Moore 
Client Sample Number: MW-2 
Date of Sample Receipt: 11/1/90 
Date of Sample Extraction: N I A 
Date of Sample Analysis: 11/7/90 

AJden Job Number: 9011003/1 
AJden Sample Number: 5401A 
Analysis Method: EPA 624 
Matrix: Water 
Reporting Units: ug/L 

L---------------------------------------------------------------------------~ 
Compound Name 

Benzene 
Toluene 
Ethylbenzene 

• m,.p-Xylene 
o-Xylene 

Surrogate 

CAS Number 

71-43-2 
108-88-3 
100-41-4 
1330-20-7 
1330-20-7 

1,2-Dichloroethane-d4 
Toluene-dg 
Bromofluorobenzene 

Detection Limit 

1.0 
1.0 
1.0 
1.0 
1.0 

Percent Recoverv 

88 
98 

100 

Result 

< 1.0 
< 1.0 
< 1.0 
< 1.0 
< 1.0 

I • m-Xylene and p-xylene cannot be separat~ and are reported here as a total of the two isomers. 

I 
I 
I 
I 
I 
I 
I 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

.. 

Client: Dames & Moore 
Client Sample Number. MW-3 
Date of Sample Receipt: 11/1/90 
Date of Sample Extraction: N I A 
Date of Sample Analysis: 11/7/90 

Compound Name 

Benzene 
Toluene 
Ethyl benzene ... 
m,p-Xylene 
o-Xylene 

Surrogate 

CAS Number 

71-43-2 
108-88-3 
100-41-4 
1330-20-7 
1330-20-7 

1,2-Dichloroethane-d4 
Toluene-d.g 
Bromofluorobenzene 

Alden Job Number: 9011003/1 
Alden Sample Number: 5402A 
Analysis Method: EPA 624 
Matrix: Water 
Reporting Units: ug/L 

Detection Limit Result 

1.0 
1.0 
1.0 
1.0 
1.0 

Percent Recoverv 

87 
100 
100 

< 1.0 
< 1.0 

1.1 
5.3 

< 1.0 

m-Xylene and p-xylene cannot be separated and are reported here as a total of the two isomers. 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

Client: Dames & Moore 
Client Sample Number: MW-4 
Date of Sample Receipt: 11 /1/90 
Date of Sample Extraction: N I A 
Date of Sample Analysis: 11/7/90 

Compound Name 

Benzene 
Toluene 
Ethylbenzene ... 
m.p-Xylene 
o-Xylene 

Surrogate 

CAS Number 

71-43-2 
108-88-3 
100-41-4 
1330-20-7 
1330-20-7 

1;1-Dichloroethane-d4 
Toluene-d8 
Bromofluorobenzene 

Alden Job Number: 9011003/1 
Alden Sample Number: 5403A 
Analysis Method: EPA 624 
Matrix: Water 
Reporting Units: ug/L 

Detection Umit Result 

100 
1.0 
1.0 
1.0 
1.0 

Percent Recoverv 

89 
99 

. 100 

4200 
8.3 
2.1 

< 1.0 
4.2 

I • m-Xylene and p-xylene cannot be separated ~d are reported here as a total of the two isomers. 

I 
I 
I 
I 
I 
I 
I 
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~ 
Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

... 

Client: Dames & Moore 
Client Sample Number: Duplicate 
Date of Sample Receipt: 11/1/90 
Date of Sample Extraction: N I A 
Date of Sample Analysis: 11/7/90 

Compound Name 

Benzene 
Toluene 
Ethyl benzene ... 
m,p-Xylene 
o-Xylene 

Surrogate 

CAS Number 

71-43-2 
108-88-3 
100-41-4 
1330-2Q-7 
1330-20-7 

1,2-Dichloroethane-d4 
Toluene-dg 
Bromofluorobenzene 

Alden Job Number: 9011003/1 
Alden Sample Number: 5405A 
Analysis Method: EPA 624 
Matrix: Water 
Reporting Units: ug/L 

Detection Limit Result 

100 
1.0 
1.0 
1.0 
1.0 

Percent Recovery 

86 
98 
99 

3700 
6.9 
1.4 
1.9 
4.0 

m-Xylene and p-xylene cannot be separated and are reported he~e as a total of the two isomers. 
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~ 
Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

.. 

Client: Dames & Moore 
Client Sample Number: Rinsate 
Date of Sample Receipt: 11/1/90 
Date of Sample Extraction: N I A 
Date of Sample Analysis: 11/7/CXJ 

Compound Name 

Benzene 
Toluene 
Ethyl benzene .. 
m,p-Xylene 
o-Xylene 

Surrogate 

CAS Number 

71-43-2 
108-88-3 
100-41-4 
1330-20-7 
133()..2()..7 

1,2-Dichloroethane-d4 
Toluene-d8 
Br:oniofluorobenzene 

Alden Job Number: CXJ11003/1 
Alden Sample Number: 5404A 
Analysis Method: EPA 624 
Matrix: Water 
Reporting Units: ug/L 

Detection Limit Result 

1.0 
1.0 
1.0 
1.0 
1.0 

Percent Recovery 

90 
99 

100 

< 1.0 
<1.0 
< 1.0 
< 1.0 
< 1.0 

m-Xylene and p-xylene cannot be separated and are reported here as a total of the two isomers. 



TPH (8015-Mod) GRAPHICAL SUMMARY* 

Run Time (Min.) 5 10 15 25 30 35 40 45 

0 ...... 
~ 
Q., 

E 
cc 

Cf.l 

Client: Dames & Moore 
Alden Project: 9011003/1 

0.59 ppm 

0.56 ppm 

0.27 ppm 

!+-Gas~ Ill( Diesel 2 )-IIIII( Oil (30 Weight)--------

1-E Diesel 1 )1. I 

Elution Ranges: Gasoline 5-10 minutes 
Diesel 1 5-17 minutes 
Diesel 2 10-22 minutes 
Oil (30W) 22-50 minutes 

*Note: This graphical representation is intended to provide a qualitative 
measurement of the elution range of hydrocarbons present in the 
sample versus known petroleum standards. 

-------------------
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December 27, 1990 

Dames & Moore 
Attn: Sue Kent 
500 Market Place Tower 
20251st Avenue 
Seattle, WA 98121 

IN RE: ALDEN PROJECT NUMBER 9012021/1 

Dear Sue: 

I have enclosed the analytical results for the water samples submitted to Alden 
on December 18, 1990. The samples were analyzed BTEX using Method 624. 

The original invoice will be sent to your attention at a later date. 

It is Alden's policy to dispose of all samples and extracts after the hold time has 
expired unless notified otherwise. If you have any questions please feel free to 
contact me. 

Sincerely, 

MBu?;~Cr~ 
a Manager 

Enclosures 

I 00 l SW Klickitat Way 
Seattle. WA 981 34 
Telephone (2061 623-3660 
Facsimile (206) 624-8778 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

Client: Dames & Moore 
Client Sample Number: N I A 
Date of Sample Receipt: N I A 
Date of Sample Extracti~n: N I A 
Date of Sample Analysis: 12121190 

Compound Name 

Benzene 
Toluene 
Ethylbenzene 

• m,.p-Xylene 
a-Xylene 

SWTOgate 
.. 

CAS Number 

71-43-2 
108-88-3 
100-41-4 

1330-20-7 
1330-20-7 

l;l.-Dichloroethane-d4 
Toluene-ds 
Bromofluorobenzene 

Alden Job Number: 901202111 
Alden Sample Number: Blank 1 
Analysis Method: EPA 624 
Matrix: Water 
Reporting Units: ugiL 

Reporting Limit Result 

1.0 
1.0 
1.0 
1.0 
1.0 

Percent Recoverv 

110 
100 
94 

< 1.0 
< 1.0 
< 1.0 
< 1.0 
< 1.0 

. -
m-Xylene and p-xylene cannot be separated ~d are reported here as a total of the two isomers. 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

Client: Dames & Moore 
Client Sample Number: Blank 
DateofSample Receipt: 12/18/90 
Date of Sample Extraction: N I A 
Date of Sample Analysis: 12/21/90 

Compound Name 

Benzene 
Toluene 
Ethylbenzene .. 
m,p-Xylene 
o-Xylene 

Surrogate 

CAS Number 

71-43-2 
108-88-3 
100-41-4 

1330-20-7 
1330-20-7 

1;1.-Dichloroethane-d4 
Toluene:d8 
Bromofluorobenzene 

Alden Job Number: 9012021/1 
Alden Sample Number: 5945A 
Analysis Method: EPA 624 
Matrix: Water 
Reporting Units: ug/L 

Reporting Limit Result 

1.0 
1.0 
1.0 
1.0 
1.0 

Percent Recovery 

84 
98 
91 

<LO 
< 1.0 

1.4 
< 1.0 
< 1.0 

I ,. m-Xylene and p-xylene ?Dnot be separated and are ~eported here as a total o~ the two isomers. 
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I 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

Client: Dames & Moore 
Client Sample Number: N I A 
Date of Sample Receipt: N I A 
Date of Sample Extraction: N I A 
Date of Sample Analysis: 121'12/90 

Com£_ound Name 

Benzene 
Toluene 
Ethylbenzene .. 
m,p-Xylene 
o-Xylene 

Suaogate 

CAS Number 

71-43-2 
108-88-3 
100-41-4 

1330-20-7 
1330-20-7 

1,2-Dichloroethane-d4 
Toluene-d8 

· Bromofluorobenzene 

Alden Job Number: 901202111 
Alden Sample Number: Blank 2 
Analysis Method: EPA 624 
Matrix: Water 
Reporting Units: ugiL 

Reporting Limit Result 

1.0 
1.0 
1.0 
1.0 
1.0 

Percent Recoverv 

86 
100 
93 

< 1.0 
< 1.0 
< 1.0 
< 1.0 
< 1.0 

I ,. m-Xylene and p-xylene cannot be separated and are reported here as a total of the two isomers. 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

Client: Dames & Moore 
Client Sample Number: MW-3 
Date of Sample Receipt 12/18/90 
Date of Sample Extraction: N I A 
Date of Sample Analysis: 12/21/90 

Compound Name 

Benzene 
Toluene 
Ethyl benzene . .. 
m,p-Xylene 
o-Xylene 

Surrogate 

CAS Number 

71-43-2 
108-88-3 
100-41-4 

1330-20-7 
1330-20-7 

1,2-Dichloroethane-d4 
Toluene-dg 
Brornofluorobenzene 

Alden Job Number: 9012021/1 
Alden Sample Number: 5939A, B 
Analysis Method: EPA 624 
Matrix: Water 
Reporting Units: ug/L 

Reporting Limit 

5.0 
1.0 
1.0 
1.0 
1.0 

Percent Recovery 

80 
100 
95 

Result 

#420 
3.5 
13 
45 
3.4 

I ,. m-Xylene and p-xylene cannot be separated and are reported here as a total of the two isomers. 
#Initial analysis did not meet QC requirements for this analyte. Subsequent analysis was acceptable. 

I 
I 
I 
I 
I 
I 
I 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

Client: Dames & Moore 
Client Sample Number. MW-4 
DateofSampleReceipt 12/18/90 
Date of Sample Extraction: N/ A 
Date of Sample Analysis: 12/22/90 

Compound Name 

Benzene 
Toluene 
Ethylbenzene .. 
m,p-Xylene 
o-Xylene 

Suxrogate 

CAS Number 

71-43-2 
108-88-3 
100-41-4 

1330-20-7 
1330-20-7 

1,2-Dichloroethane-d4 
Toluene-dg 
Brornofluorobenzene 

Alden Job Number: 9012021/1 
Alden Sample Number. 5940A 
Analysis Method: EPA 624 
Matrix: Water 
Reporting Units: ug/L 

Reporting Limit Result 

50 
50 
50 
50 
50 

Percent Recovecy 

89 
99 
95 

3600 
<50 
<50 

63 
<50 

I ,. m-Xylene and p-xylene cannot be separated and are reported here as a total of the ~o isomers. 

I 
I 
I 
I 
I 
I 
I 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

Client: Dames & Moore 
Client Sample Number: MW-4 Dup 
Date of Sample Receipt: 12/18/90 
Qate of Sample Extraction: N I A 
Date of Sample Analysis: 12/22/90 

Compound Name 

Benzene 
Toluene 
Ethylbenzene . .. 
m,.p-Xylene 
o-Xylene 

Surrogate 

CAS Number 

71-43-2 
108-88-3 
100-41-4 

1330-20-7 
1330-20-7 

1;l-Dichloroethane-d4 
Toluene-dg 
Bronnofluorobenzene 

Alden Job Number: 9012021/1 
Alden Sample Number: 5941A 
Analysis Method: EPA 624 
Matrix: Water 
Reporting Units: ug/L 

Reporting Limit Result 

50 
50 
50 
50 
50 

Percent Recoverv 

88 
100 
.96 

4100 
<50 
<50 

64 
<50 

I ,. m-Xyleg.e and p-xylene cannot be separated and are reported_here as a total of the two isomers. 

I 
I 
I 
I 
I 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

Client: Dames & Moore 
Client Sample Number: MW-5 
Date of Sample Receipt: 12/18/90 
Date of Sample Extraction: N I A 
Date of Sample Analysis: 12/22/90 

Compound Name 

Benzene 
Toluene 
Ethylbenzene 

• m,.p-Xylene 
o-Xylene 

Surrogate 

CAS Number 

71-43-2 
108-88-3 
100-41-4 

1330-20-7 
1330-20-7 

1;1-Dichloroethane-d4 
Toluene-dg 
Bromofluorobenzene 

Alden Job Number: 9012021/1 
Alden Sample Number: 5942A 
Analysis Method: EPA 624 
Matrix: Water 
Reporting Units: ug/L 

Reporting Limit Result 

5.0 
5.0 
5.0 
5.0 
5.0 

Percent Recovery 

91 
100 
99 

<5.0 
< 5.0 
.<5.0 
<5.0 
<5.0 

I • m-Xylene and p-xylene cannot be separated and are reported here as a total of the two iso!l'ers. 

I 
I 
I 
I 
I 
I 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

Client: Dames & Moore 
Client Sample Number: MW-6 
Date of Sample Receipt: 12/18/90 
Date of Sample Extraction: N I A 
Date of Sample Analysis: 12/22/90 

Compound Name 

Benzene 
Toluene 
Ethylbenzene ... 
m.p-Xylene 
o-Xylene 

Surrogate 

CAS Number 

71-43-2 
108-88-3 
100-41-4 

1330-20-7 
1330-20-7 

1,2-Dichloroethane-d4 
Toluene-d8 
Bromofluorobenzene . 

Alden Job Number: 9012021/1 
Alden Sample Number: 5943A 
Analysis Method: EPA 624 
Matrix: Water 
Reporting Units: ug/L 

Reporting Limit Result 

5.0 
5.0 
5.0 
5.0 
5.0 

Percent Recoverv 

89 
98 
95 

<5.0 
<5.0 
<5.0 
< 5.0 
< 5.0 

I "' m-Xylene and P:Xylene cannot be separated ~d are reported here as~ total of the two isomers. 

I 
I 
I 
I 
I 
I 
I 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

Client: Dames & Moore 
Client Sample Number. MW-7 
Date of Sample Receipt: 12/18/90 
Date of Sample Extraction: N/ A 
Date of Sample Analysis: 12/22/90 

Compound Name 

Benzene 
Toluene 
Ethylbenzene 

• m.p-Xylene 
o-Xylene 

Surrogate 

CAS Number 

71-43-2 
108-88-3 
100-41-4 

1330-20-7 
1330-20-7 

1,2-Dic~oroethane-d4 
Tohiene-dg 
Bromofluorobenzene 

Alden Job Number: 9012021/1 
Alden Sample Number: 5944A 
Analysis Method: EPA 624 
Matrix: Water 
Reporting Units: ug/L 

Reporting Limit Result 

5.0 
5.0 
5.0 
5.0 
5.0 

Percent Recovery 

88 
99 
94 

<5.0 
<5.0 
<5.0 
<S.O 
<5.0 

I • m-Xylene and p-xylene cannot be separated and are reported here as a total of the two isomers. 

I 
I 
I 
I 
I 
I 
I 
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Saaple: 5317 1:10 

. Acquired: 11-IOV -90 .13! 52 
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DAMES & MOORE APROFESSIONALLIMITEDPARTNERSHIP 

500 MARKET PLACE TOWER, 2025 FIRST AVENUE, SEATfLE, WASHINGTON 98121 
(206) 728-0744 

Mr. Bill Troy 
Alaska Marine Lines 
7100 2nd Avenue SW, 
Seattle, Washington 98106 

Dear Mr. Troy: 

March 8, 1991 

Site Assessment for UST's 
7100 2nd A venue SW 
Seattle. Washington 

This report documents the permanent closure of two underground storage tanks (UST's) 
located at the above referenced site. Figure 1 is a site location map. 

BACKGROUND 

Two UST's of unknown age were located in a single excavation zone at the project site: 
one 10,000-gallon diesel UST and one 10,000-gallon gasoline UST. Both of these tanks were 
reported to have failed integrity tests that were conducted in April 1990 [ 1}. The results of 
a soil vapor survey conducted by Dames & Moore in September 1990 [21 suggested that 
leakage of petroleum products may have occurred from the UST's and/or associated piping; 
however, the extent of potentially contaminated soil and/or ground water was not evaluated. 

A soil and ground water assessment was performed between October and December 1990 
by Dames & Moore. The results of that work (3] identified only a limited amount of 
petroleum hydrocarbons in the subsurface that is directly associated with the two UST's. 
Figure 2 illustrates the locations of monitoring wells that were installed as part of that 
assessment. 

It is the intent of AML to bring the UST's and their site into compliance with existing 
regulatory requirements for UST's. AML has removed the UST's and plans to remediate any 
soil or ground water that pose unacceptable risk to human health or the environment_ 

PURPOSE 

The purpose of this assessment was to document UST closure and to evaluate the potential 
presence of fuel constituents in soil and ground water during the removal of the UST's. This 

OFFICES WORLDWIDE 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Alaska Marine Lines 
March 8, 1991 
Page 2 

assessment is required under federal and state regulations. The general procedures for the site 
assessment are outlined in the following documents: 

Code of Federal Regulations, "Technical Standards and Corrective Action Requirements 
For Owners and Operators of Underground Storage Tanks," 40 CFR, Subpart G, Section 
280.72. 

Washington Administrative Code, "Proposed Underground Storage Tank Regulations," 
dated August 1, 1990, WAC 173-360-390. 

SCOPE OF WORK 

The principal tasks completed by Dames & Moore during the assessment are listed below: 

I. Observed the excavation of a 10,000-gallon diesel UST and a 10,000-gallon 
gasoline UST, hereinafter referred to as Tanks I & 2, respectively. The two UST's 
were located in a single excavation zone south of the refrigeration (refer) shop 
(Figure 2) .. 

2. Submitted one soil sample, (SS-1) collected from the bottom of the excavation 
zone for laboratory analysis of total petroleum hydrocarbons (TPH). 

TANK CLOSURE ACTIVITIES 

On January 24, 1991, Dames & Moore oversaw the removal of two UST's by B & C 
Construction (B & C). B & C began closure activities by disassembling the pump dispensers 
and demolishing the asphalt and concrete paving covering the tops of Tanks 1 & :2 with a 
hydrohammer. Following the removal of the paving with a trackhoe, the asphalt and concrete 
was loaded into a dumptruck and removed from site. The paving is reported to have been 
disposed of at Coal Creek Landfill. Once the paving was removed, Northwest Envi~ofield 
Services (NWES) pumped and rinsed the remaining product from the tanks. The ·pump and 
rinse certificate is provided as Attachment A. Soil was then excavated and the tops of Tanks 
1 & 2 were exposed. The tanks were approximately four feet below top of asphalt (TO.A) and 
the spacing between the tanks was approximately three feet. All soil removed from the tank 

D·012·005\AML·1110.RWP 
21048·001·005 
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excavation zone was stored on asphalt paving surrounding the perimeter of the excavation 
zone. 

On January 25, 1991, B & C inerted Tanks I & 2 with C02 (dry ice). Lieutenant 
VanTrojen, with the Seattle Fire Department, witnessed the inertion. After receiving 
approval from the Fire Marshall, the tanks were removed and a visual inspection of the tanks 
revealed minor pitting and corrosion, no cracks or holes were observed. B & C Construction 
transported the tanks by flatbed to their facilities. The Tank Disposal Receipt is provided as 
Attachment B. After the removal of the tanks, excavation dimensions were approximately 
twenty feet wide by thirty-five feet long and approximately fifteen feet deep. 

One soil sample (SS-1) was collected from the bottom of the excavation zone and was 
submitted for laboratory analysis of total petroleum hydrocarbons (TPH) by Mod'ified EPA 
Method 8015. All excavated soil was returned to the excavation and compacted. Filter fabric 
was placed over the backfill and approximately seven vertical feet (195 cubic yards) of 
crushed rock was placed on top of the filter fabric. The excavation zone is to be r~surfaced 
at a later time. 

SOIL AND GROUND WATER ASSESSMENT 

Figure 3 illustrates the subsurface conditions near the UST excavation zone. In the tank 
excavation zone, the backfill material consisted of fine to medium sand. Around the 
perimeter of the excavation zone, the soil lithology consisted of an upper three feet of fine 
to medium sand underlain by approximately two feet of silty sandy clay. Fine sand u~derlaid 
the layer of silty sand. Ground water was not encountered during excavation activities. 

Excavated soil was visually stained from light grey to black and emitted strong petroleum 
odors. A petroleum sheen was present on the soil within the excavation zone at a depth of 
approximately fourteen feet. 

The analytical report for the soil sample is included as Attachment C. The results indicate 
that the soil in the excavation zone area does not exceed the proposed cleanup levels for 
petroleum fuel constituents contained in the Model Toxics Control Act Amendments dated 
February 28, 1991 (MTCA). Additional soil samples were not collected at the time of 

D·012·005\AML·1110.RWP 
21048·001·005 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-DAMES & MOORE -
Alaska Marine Lines 
March 8, 1991 
Page 4 

excavation due to the extensive soil and ground water sampling which was performed prior 
to the removal of the two usrs [3 ]. 

SUMMARY AND RECOMI\1ENDATIONS 

A 10,000-gallon diesel UST and a 10,000-gallon gasoline UST have been re~oved from 
the AML site along with piping and ancillary equipment. Ground-water was not encountered 
during the excavation activities. The excavation has been backfilled and compacted. 
Analytical results indicate that the TPH levels in soil do not exceed the newly established 
MTCA cleanup levels for TPH. It should be noted that federal regulations require the site 
owner and/or operator to retain this report and that it should be available for review for a 
minimum of three years. 

CONCLUDING REMARKS 

Dames & Moore has performed this work, made the findings, and proposed the 
recommendations described in this report in accordance with generally accepted 
environmental science practices in effect at the time the work was performed. Opinions and 
recommendations provided herein apply to site conditions existing at the time of our 
assessment and those conditions which we have been able to reasonably foresee. Opinions and 
recommendations provided do not necessarily apply to site changes of which this office is not 
aware and has not had the opportunity to evaluate. It must also be understood that changing 
circumstances in the environment and in the use of the property can alter the validity of 
conclusions and information contained in this report. 

0·012·005\AML·1110.RWP 
21048·001·005 
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It is a pleasure to continue our services for Alaska Marine Lines. If you have any 
questions concerning this project, or if we can be of further assistance, please do not hesitate 
to call. 

Attachments 

Figure 1 
Figure 2 
Figure 3 
Pump and Rinse Certificate 
Certificate of Tank Disposal 
Analytical Results 

0·012·005\AML·1110.R~ 
21048·001·005 

Sincerely, 

Dames & Moore 

~~f!.~dl~ 
Project Geologist 

s?!::tK.£- {a f 
Project Manager 
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Northwest 
EnviroServics · 

Inc~. 

.. UM .. ANf) "IN~f! C.I!!P\Tif-tGA-r ION 

3:2 -;?iC4- Y 
DATE: 

TO WHOM IT MAY CONCERN 

This letter It> to certify that tank(s). sl.z-6(~:, 
A:) . 
~~,; It.< ;2C.L (_)_ -y·Cr-.~- . ---·-- ---- -· . -----:--

---+-c:f~9 _tq,,_C!.QCJ: ·f), t"":._,~_·j .. 

---·· -------
-------------------· ------------- ----·------·-·---·---

7 I C 0 ____ ')_cf.!_c}__~_ c; ~-.. --. __ 

---~---; <- .. s-~-- rli~-- --_L-1J_i4: 

. I . / I -r-

. "- '- i /i ( (;" < ..,..._/ -· /.,.. N ( I 

I 

Please note that this letter do&s not ce:11ty that the above ta!",k{s) have tee~ c!ec.na~ tor disposa 1 cr 
tha! It (they) should be con~idered ga:;-freo · 

Sincerely, 

Northwc!t EnvlroServlce, Inc. 

U~derground Tank DlvtsfC"n 
762·1·9o 
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DATE: 

8 & C EQUIPMENT CO. 
SERVICE STATION & RElATED 

EQUIPMENT -SALES & SERVICE 
t9009 t6lH AVL S. • S£ATIU. WA 98188 • (206)433·t015 • 

CERTIFICATIO~~ OF TA~i\. DISPOSAL 

LOCATIO:~ FROH WHICH REMOVED: 
. ' 1 -:li lftVC1f. rJ ... J3LJ l 

. I· 

QDA!niTI SIZE LAST KNOm~ PRODUCT 

.(O;oOO Gq f 

TR~\SPORT DRIVER: ~ol"' 1.-\ ~. (; /Af- k 
RECE!vmG SCRAP YARD, ku:it_ ~1 ~ Jr!rlrt lh 

RECEIVED BY, df(/L/',4/J.) ,!J.'J.L UZi)l:,__/') 
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B & C EQUIPMENT CO 
SERVICE STATION & RELATED 

EQUIPMENT- SALES & SERVICE 

c::RTIFICATIQ;; 0~ TrL;iZ DISPOSAL 

DAT-::-: .z/c,/91 
. ~I 

QL'A;HIIT 

I 

R.!: !VI~~G SCRAP YP..RD: 
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Alden Analytical 
Laboratorie~, I~c. 

february 8, 1991 

Dames & Moore 
Attn: Sue Kent 
500 Market Place Tower 
2025 1st Avenue 
Seattle, WA 98121 

INRE: ALDEN PROJECI' NUMBER 9101018/1 · 

Dear Sue: 

'' 

1.-

· Enclosed are the analytical results for the soil samples submitted to Alden Labs 
January 28, 1991. The samples were analyzed for TEPH using Method 8015-

. Modified, Pentachlorophenol using Method 8270 and Total Arsenic. The . 
in?rganic a~alysis was performed by Sound Analytical Labs. A hard copy or 
thier report 1S mduded. · 

It is Alden's policy to dispose of samples two weeks after the report date, unless 
. otherwise noted. If you have any questions please feel free to call me. · -

Sincerely, 

--+.hAin M. B::~~ 
aboratory Manager 

Enclosures 

I 00 I SW Klickitat Way 
. Seattle. WA 981 34 

: · Telephone 1206) 623·3660 
Facsimile (206) 624-8778 

' . ' 
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Alden Analytical 
Laboratories, Inc. 

REPORT OF ANALYTICAL RESULTS 

Client: Dames & Moore 
Client Sample Number. See below 
Date of Sample Receipt: 1/28/91 
Matrix: Soil 

Client Alden 
Sample ID Sample Number 

NA Blank 
55-1 6388 
55-1 6388RE 

Extraction Date Analysis Date 

1/30/91 2/7/91 
1/30/91 2/7/91. 
2/14/91 2/20/91 

Alden Job Number: 9101018/1 
Alden Sample Number. See below 
Analysis Method: BOIS-Modified 
Reporting Units: mg/kg 

Total Extractable Hydrocarbons 

·<2.0 
95 

120 

I Note: Results are reported to two significa~t figures. 
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UNDERGROUND STORAGE TANK 
Site Check/Site Assessment Checklist 

The purpose of this form is to certify the proper investigation of an USTsite for the presence of a release. These activities 
shall be conducted in accordance with Chapter 173.360 WAC. A description of the various situations requiring a site 
check or site assessment is provided in the guidance document for UST site checks and site assessments. 

This Site Check/Site Assessment Checklist shall be completed and signed by a person registered with the Department of 
Ecology to perform site assc.<;sments. 

Two copies of the results of the site check or site assessment should be included with this checklist according to there
porting requirements in the guidance document for UST site checks and site assessments. 

For further information about completing this form, please contact the Department of Ecology UST Program. 

The completed checklist should be mailed to the following address: 

UST Owner/Operator: 

Owners Address: 

Telephone: 

Alaska Marine Lines 

5615 West Marginal Way SW 
tree! 

Underground Storage Tank Section 
Department of Ecology 
Mail Stop PV-11 
Olympia, WA 98504-8711 

P.O. Box 

Seattle Washington 98106 
City State 

763-4244 

Site ID Number (on invoice or available from Ecology if tank is registered): N/A ----------------------------------
Site/Business Name: Alaska Marine Lines (Shipyard) 

Site Address: 7100 2nd Avenue SW King 
SHeet County 

Seattle Washington 98106 
City State ZIP-Code 

2. SITE CHECK/S SSMENT CONDUCTED. BY: 

Registered Person: 

Address: 2025 1st Avenue Suite 500 
Street P.O. Box 

Seattle washington 98121 
City State ZIP-Code 

Telephone: 728-0744 

ECYOIQ-158 jl2/90) page 1 



UNDERGROUND STORAGE TANK 
Permanent Closure/Change-In-Service Checklist 

The purpose of this form is to certify the proper closure/change-in-service of underground storage tank (US1) systems. 
These activities must be conducted in accordance with Chapter 173.360 WAC. Washington State UST rules require the 
tank owner or operator to notify Ecology in writing 30 days prior to closure or change-in-service of tanks. This must be 
done by completing the 30 Day Notice form (ECY 010-155). 

This Permanent Closure Checklist shall be completed and signed by a Licensed Decommissioning Supervisor. The super
visor shall be on site when all tank permanent closure/change-in-service activities arc being conducted. The firm which 
employs the licensed supervisor shall also be licensed by the Washington State Depanment of Ecology as a Service. Pro
vider. If any of the activities listed below have been supervised by a different licensed supervisor, a separate checklist 
must be filled out and signed by the licensed supervisor performing those activities. 

For further information about completing this form, please contact the Department of Ecology UST Program. 

A separate checklist must be completed for each USTsystem (tank and associated piping), except that UST systems at 
one site may be reported together by completing page 2 of this form separately for each system. The completed checklist 
should be mailed to the following address within 30 days of the completion of the closure or change-in-service. 

Site Owner/Operator: 

Owners Address: 

Telephone: 

Alaska Marine Lines 

5615 Wes~~arginal Way SW 

Underground Storage Tank Section 
Oepanment of Ecology 
Mail Stop PV -11 
Olympia, WA 98504-8711 

Seattle Washington 
P.O. 8o>c 

98106 
CitY 

{ 206,) 763-4244 

Site 10 Number (on invoice or available from Ecology if tank is registered): N/A ----------------------------------
Site/Business Name: Alaska Marine Lines (Shipyard) 

Site Address: 7100 2nd Avenue SW 
Street 

Seattle Washington 
State 

2 .. TANK PERM~NENT {;LOSlJRE/CHANGE-IN-SERVICE PERFORMED BY: 

Firm: B & C Construction 

Address: 20320 80th Avenue s. 
Kent 

Telephone: 872-8890 

Licensed SupeNisor: 

ECYOtO.t1!2 (12/90) 

County 

98106 

license Number: BCEQU**243B3 

P.O. Bo< 

98032 

Decommissioning 
License Number: W000494 

page 1 



..... .. 
This page must be completed separately for each tank permanently closed (decommissioned) or change
In-service at the site. For additional tanks you may photocopy this form prior to completing. 

'31-'&TANK:clrosoRE/CHANGE.;.tN-SERVicE·.INFORMATION 

1. Tank ID Number (as registered with Ecology): N/A 2. Year installed: unknown 

3. Tank capacity in gallons: 4. Date of last use: 1-10-91 

5. Last substance stored: gaso]joe 6. Date of closure/change-in-service: 1-24-91 

7. Type of closure: Closure with Tank Removal [J In-place Closure 0 Change-in-Service 0 
8. If in-place closure is used, the tank has been filled with the following substance: _N..:./_A _______________ _ 

9. If change-in-service, indicate new substance stored in tank: __ -=.N::.!./...:A~----------------------

Always contact local authorities regarding permit requirements. 

11. Has a site assessment been completed? Yes G:J No 0 
Unless an external release detection system is operating at the time of closure or change in service, and a repot1 is provided as specified in WAC 
173·360·390, a site assessment most be conducted. This site assessment must be conducted by a person registered with the Department of 
Ecology to perform site assessments. Results of the site assessment must be included with the Site Assessment Checklist (ECY 01()..158). 

Each item of the following checklist shall be initialed by· the licensed supervisor whose signature appears below. 

1. Has all liquid been removed from product Jilles? 

2. Has all prOduct piping been capped or removed? 

3. Have all non-product Jines been capped or removed? 

4. Have all liquid and accumul~ed sludges been removed from the tank? 

5. Has the tank been properly purged or inerted? 

6. Have the drop tube, fill pipe, gauge pipe, pumps and other tank fixtures been removed? 

1. Have all tank openings been plugged or capped? NOTE: One plug should have 1/8 inch vent hole. 

8. 

9. If removed. was tank property labeled and disposed of in accordance with all applicable local, state 
and federal regulations? 

•Jtem not applicable 

Yes No NA* 

I hereby certify that /have been tlte licensed supervisor prcsclll on site during tile above listed permanent closure activities and to 
the b-est of my knowledge they have been conducted in compliance with all applicable state and federal laws, regulations and 
procedures pertaining to underground storage tanks. 

Persons submitting false information are subj('ct to penalties under Cha(Jier 173.360 H04C. 

.!-s--11 ~: •. ~.~ a ~ 
5. ADDITIONAL REQUIRED SIGNATURES 

B~-

~ ~nah~tc of U<:~-.e<1 

~L~/~ 
~I O..te 

ECV011)-162 (12/901 poge2 
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FIRST QUARTERLY SAMPLING EVENT 
7100 SECOND AVENUE 
SEPTEMBER, 1991 
SEATTLE, WASHINGTON 

For 

ALASKA MARINE UNE 
JOB NO. 21048-006-005 
November 18, 1991 

8 DAMES & MOORE 

DISDocLabel
12/05/06 : Corporate Legal : Alaska Marine Lines, Inc. 08 : Environmental Report : First Quarterly Sampling Event 7100 2nd Avenue : �
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DAMES & MOORE APROFESSIONALLIMITEDPARTNERSHIP 

500 MARKET PLACE TOWER, 2025 FIRST AVENUE SEA TILE WASHINGTON 98121 
(206) 721!-0744 ' , 

Mr. Bill Troy, President 

Alaska Marine Lines 

7100 Second Avenue 

Seattle, Washington 

Dear Mr. Troy: 

November 18, 1991 

First Quarterly Sampling Event 

September, 1991 

7100 Second Avenue 
Seattle, Washington 

This letter report summarizes the findings and conclusions for the first quarterly sampling event 

at the 7100 Second Avenue site. 

MONITORING WELL SAMPLE COLLECTION 

Dames & Moore sampled the monitoring wells on September 5, 1991. Prior to sampling, all 

wells were purged using a decontaminated Teflon bailer. The bailer was lowered using a dedicated 

rope into the monitoring well. Decontamination procedures entailed scrubbing the bailer with 
alconox, an industrial soap, and thoroughly rinsing with deionized water. Ground-water samples 

were retrieved by bailer. Temperature, pH, and specific conductivity readings were monitored 
during the well purging. These parameters indicate whether ground-water conditions have stabilized 

and whether samples are fresh. Parameters associated with purging the monitoring wells are listed 
in Table 1. 

Monitoring wells MW-5 and MW-6 were not sampled on September 5, 1991 because the wells 

were covered with asphalt pavement. The wells have since been uncovered, therefore, MW-5 and 
MW-6 will be sampled during the second quarterly sampling round. 

WATER LEVELS 

Water level measurements collected during sampling and during previous sampling events are 
tabulated on Table 2. The water level data is contoured on Figure 1. 

OFFICES WORLDWIDE 
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Alaska Marine Lines 
November 18, 1991 
Page 2 

DAMES & MOORE APROFESSIONALLIM!TEDPARTNERSHIP 

LABORATORY RESULTS 

The ground-water samples were analyzed for total petroleum hydrocarbons (TPH; EPA modified 
method 8015), and benzene, toluene, ethylbenzene, and xylene (BTEX; EPA modified 8020) by 
Analytical Resources, Incorporated located in Seattle, Washington. Table 3 presents the analytical 
results from this sampling event and the analytical results from previous sampling events. 

GROUND-WATER QUALITY ASSURANCE/QUALITY CONTROL SAMPLES 

Results of ground-water OA/OC analysis are reported in Table 4. Duplicate values for toluene 
are reproducible within 46 percent. Benzene, in a duplicate sample from MW-7, was not detected 
above the detection limit. This result indicates that initial analytical results are subject to change 
upon re-analysis. Duplicate samples analyzed for ethylbenzeneand xylene were not detected above 
the laboratory detection limit. The results from the rinsate sampling show no detection of BTEX 
compounds. 

We will notify your facilities of our expected second quarterly sampling dates one week in 
advance. Please call if you have any questions. 

cc: Mr. Bob Strong 

005\l£TT€:RS\7100·1Q,LWP 

Sincerely, 

rvv~~ct ·~. ~~ LUa~. 
Ingrid M. Williams 
Staff Hydrogeologist 

~ ;:~~·r 
Susan C. Kent 
Project Manager 
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Figure 1 

Ground-Water Contour Map 
September 5, 1991 

7100 2nd Avenue 
Alaska Marine Lines 

Seattle, WA 
L_ ______________________________________________________________________________________________________________ oames& Moore 
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I WELL NO. DATE TIME pH 
(-log H) 

MWI 9/5/91 16:00 7.97 

MW2 9/5/91 11:50 7.49 

MW3 9/5/91 15:05 7.94 

MW4 9/5/91 13:47 7.51 

MW5 9/5/91 -- --
MW6 9/5/91 -- --
MW7 9/5/91 16:47 7.30 

--

005\MlSC\L YMD£M. TBL 

TABLE 1 
GROUND-WATER SAMPLING DATA 

7100 2nd A venue 
Alaska Marine Lines 

T sc Well Vol 
CC) ( j.tS) (gal) 

17.9 3090 5.1 

17.5 1591 5.1 

17.7 2070 5.2 

17.2 1647 6.0 

-- -- --
-- -- --

18.0 1152 1.6 

Purge Vol Method Remarks 
(gal) 

15.5 bail yellow, brown color 
to Hp 

18 bail not noted 

18 bail yellow, very silty 

18 bail strong hydrocarbon 
odor, slightly silty 

-- -- not sampled 

-- -- not sampled 

5 bail sludge laden Hp 
fills space between 
monument and top 
of casing 
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NOVEMBER 1, 1990 

WELL REFERENCE DEPTH WATER 
NO. ELEVATION* 2 TO LEVEL 

TABLE 2 
SUMMARY OF WATER LEVEL DATA 

7100 Second Avenue 
Alaska Marine Lines 

JANUARY 15, 1991 JANUARY 25, 1991 

DEPTH WATER DEPTH WATER 
TO LEVEL TO LEVEL 

WATER ELEVATION WATER ELEVATION* 2 WATER ELEVATION* 2 

MW-1 99.84 11.97 87.87 11.14 88.70 11.53 88.31 

MW-2 99.52 11.34 88.18 10.44 89.08 11.12 88.40 

MW-3 99.71 11.82 87.89 10.96 88.75 11.28 88.43 

MW-4 99.42 10.97 88.45 10.11 89.31 10.20 89.22 

MW-5 98.32 N/A N/A 8.75 89.57 9.21 89.11 

MW-6 98.43 N/A N/A 8.77 89.66 9.38 89.05 

MW-7 99.48 N/A N/A 8.98 90.5 9.00 90.48 

PIER 101.37 N/A N/A 13.43 87.94 12.12 89.25 

N/A Not Analyzed ., 
Well covered with asphalt on 9/5/91 

SEPTEMBER 5, 1991 

DEPTH WATER 
TO LEVEL 

WATER ELEVATION* 2 

11.61 88.23 

11.26 88.26 

11.42 88.29 

10.33 89.09 

N/A* 1 N/A* 1 

N/A* 1 N/A* 1 

9.17 90.31 

N/A N/A 

•2 Water elevations are relative to the site bench mark, which is the yellow-painted obstruction post located west of the voltage transformer 
on the south side of the site. The site bench mark is assigned an arbitrary elevation of 100.00 feet. 

005\flllSC\L\'IIIDEN. TBL 
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Analysis 

TPH 

BENZENE 

TOLUENE 

ETHYLBENZENE 

XYLENES 

Analysis 

TPH 

BENZENE 

TOLUENE 

ETHYLBENZENE 

XYLENES 

005\MlSC\lYNO[H. TBl. 

WELL NO.: 

SAMPLE DATE: 

Units MTCA[1] 

mg/L 1 

J.IQ/L 5 

J.IQ/L 40 

J.IQ/L 30 

J.IQ/L 20 

WELL NO.: 

TABLE 3 
SUMMARY OF GROUND-WATER ANALYllCAL DATA 

7100 SecondAvenue 
Alaska Marine Unes 

MW-1 MW-2 

11/1/90 9/5/91 11/1/90 9/5/91 

0~59 <10.0 0.56 <10.0 

<1.0 <1.0 <1.0 88 

<1.0 <1.0 <1.0 <1.0 

<1.0 <1.0 <1.0 <1.0 

<1.0 <2.0 <1.0 <2.0 

MW-4 MW-5 

MW-3 

11/1/90 12/18/90 

0.33 NA 

<1.0 420 

<1.0 3.5 

1.1 13 

5.3 48.4 

MW-6 MW-7 

SAMPLE DATE: 11/1/90 12/18/90 9/5/91 12/18/90 9/5/91 12/18/90 9/5/91 12/18/90 

Units MTCA[1] 

.mg/L 1 0.27 NA NA NA NA NA NA 

J.IQ/L 5 4200 3600 2000 <5.0 NA <5.0 NA 

J.IQ/L 40 8.3 <50 12 <5.0 NA <5.0 NA 

J.IQ/L 30 2.1 <50 <1.0 <5.0 NA <5.0 NA 

J.IQ/L 20 4.2 63 19 <5.0 NA <5.0 NA 

MTCA - The Model Toxics Control Act Cleanup Regulation, effective February 28, 1991 
< - This parameterwas not detectedat a concentration above the detection level indicated in the table. 
NA - Not analyzed 

NA 

<5.0 

<5.0 

<5.0 

<5.0 

9/5/91 

<10.0 

630* 

3.2 

16 

25 

9/5/91 

<10.0 

3.4 

79 

<1.0 

<2.0 
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DUPLICATE 
WELL 

SAMPLES 

RINSATE 
SAMPLES 

TABLE 4 
SUMMARY OF GROUND-WATER QA/QC ANALYTICAL DATA 

7100 Second Avenue 
Alaska Marine Lines 

SAMPLING WELL ANALYSIS SAMPLE 
DATE NO. (pg/L) VALUES 

9/5/91 MW-7 Benzene 3.4 
Toluene 79 

Ethylbenzene <1.0 
Xylenes <2.0 

SAMPLING WELL ANALYSIS SAMPLE 
DATE NO. (pg/L) VALUES 

9/5/91 N/A Benzene <1.0 
Toluene <1.0 

Ethylbenzene <1.0 
Xylenes <2.0 

I N/A- Not applicable. 

I 
I 
I 
I 
I 
I 
I 
I 

DUPLICATE 
VALUES 

<14 
43 

<14 
<28 

DUPLICATE 
VALUES 

N/A 
N/A 
N/A 
N/A 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

19 September 1991 

Sue Kent 
Dames & Moore 
500 Market Place Tower 
2025 Rrst Avenue 
Seattle, WA 98121 

RE: Client Project: 21048 006 5052 005; 
ARI Job #8994 

Dear Sue: 

DAMES & MOORE 
SEAffiE 

SEP 2 0 1991 

Please find enclosed the results for the above referenced project. 

If you have any questions or require additional information, please 
feel free to call any time. 

Sincerely, 

ANALYTICAL RESOURCES, INC. 

Kate Stegemoeller 
Project Coordinator 

KAS/kp 

Enclosures 

I cc: ARI file #8994 

I 
I 
I 

ANALV1lCAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists& 
Consultants 

333 Ninth Ave. North 
Seattle, WA 98109·5187 
(206) 621-6490 
(206) 621-7523 (FAX) 
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ORGANICS ANALYSIS DATA SHEET • Method 602/8020 I BETX by GC-PIO 

ANALVTlCAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists& 
Consultants 

Matrix: Water I Level: low 

Data Release Authorized: £Z,., &. M: 

QC Report No: 8994-Dames & Moore 
Project No: 21048 006 5052 005 

Date Received: 9f5f91 

333 Ninth Ave. North 
Seattle, WA 98109·5187 
(206) 621·6490 
(206) 621· 7523 (FAX) 

I Report prepared: 9/18/91 - MAC:K kas 
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Method MWl· 
Sample No. Blank 90591 

ARIIO 0909MB 8994A 
Date Analyzed f1Y fry:} /91 ry:} fry:} f91 
Amt Analyzed 5.0mls 5.0mls 

CAS Number Units ~gfl ~gfl 
71-43-2 Benzene 1.0 u 1.0 u 
108-88-3 Toluene 1.0 u 1.0 u 
lOQ-41-4 Ethylbenzene 1.0 u 1.0 u 
133Q-20-7 Total Xylenes 2.0U 2.0U 

Surrogate Recoveries 
Trifluorotoluene 97.6% 98.9% 
Bromobenzene 98.0% 102% 

MW4· MW7-
Sample No. 90591 90591 

ARIIO 8994D 8994E 
Date Analyzed 09f09f91 ry:; fry:} f91 
Amt Analyzed 5.0mls 5.0mls 

CAS Number Units ~gfl ~g/l 
71-43-2 Benzene 560X 3.4 
108-88-3 Toluene 12 79 
10Q-41-4 Ethylbenzene l.OU 1.0 u 
133Q-20-7 Total Xylenes 19 2.0 u 

Surrogate Recoveries 
Trifluorotoluene 76.9% 92.6% 
Bromobenzene 91.8% 94.8% 

Data Reporting Qualifiers 

Value If the result is a value greater than or equal B 
to the detection limit. report the value. 

u Indicates compound was analyzed for but 
not detected at the given detection limit. J 

MWl- MW2- MW3-
90591 90591 90591 

8994Adup 89948 8994C 
ry:} fry:} f91 ry:} fry:} f91 ry:} fry:} f91 
5.0mls 5.0mls 5.0mls 
~gfl ~gfl ~gfl 
l.OU 88 310X 
1.0 u 1.0 u 3.2 
1.0 u 1.0 u 16 
2.0U 2.0U 25 

94.6% 94.9% 93.8% 
96.7% 94.7% 100% 

Trip 
Blank 
8994F 

09f10f91 
5.0mls 
J.LQ/l 
1.0 u 
l.OU 
1.0 u 
2.0U 

87.0% 
89.0% 

This flag is used when the analyte is found 
in the blank as well as a sample. Indicates 
possible/probable blank contamination. 

Indicates an estimated value when result 
is less than specified detection limit. 
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ORGANICS ANALYSIS DATA SHEET - Method 602/8020 

ANALVllCAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists& 
Consultants I BETX by GC-PID 

QC Report No: 8994-Domes & Moore 
Project No: 21048 006 5052 005 

Dote Received: 9/5/91 

333 Ninth Ave. North 
Seattle, WA 98109·5187 
(206) 621-6490 

I 
Matrix: Water 
Level: Low 

Data Release Authorized: ,??...,..,.,. &dli::._ 

1 
Report prepared: 9/18/91 - MAC:K kas 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Method MW3-
Sample No. Blank 90591 dl 

ARIID 0911MB 8994Cdl 
Date Analyzed 09/11/91 09/12/91 
Amt Analyzed 5.0mls 0.1 mls 

CAS Number Units llQ/L llQ/L 
71-43-2 Benzene 1.0 u 670 
108-88-3 Toluene 1.0 u sou 
100.41-4 Ethylbenzene 1.0 u sou 
133Q-2Q-7 Total Xylenes 2.0 u lOOU 

Surrogate Recoveries 
Trifluorotoluene 102% 53.1% 
Bromobenzene 102% 56.7% 

Method MW3-
Sample No. Blank 90591 dl2 

ARIID 0917MB 8994Cdl2 
Date Analyzed 09/17/91 09/17/91 
Amt Analyzed 5.0mls 0.1 mls 

CAS Number Units llQ/L llQ/L 
71-43-2 Benzene 1.0 u 590 
108-88-3 Toluene 1.0 u sou 
1Q0-41-4 Ethylbenzene 1.0 u sou 
133Q-20-7 Total Xylenes 2.0U lOOU 

Surrogate Recoveries 
Trifluorotoluene 98.6% 95.0% 
Bromobenzene 97.9% 94.8% 

Data Reporting Qualifiers 

Value If the result is a value greater than or equal 
to the detection Rmit. report the value. 

U Indicates compound was analyzed for but 
not detected at the given detection limit. 

B 

J 

(206) 621·7523 (FAX) 

MW4- MW7-
90591 dl 90591 re 
8994Ddl 8994Ere 
09/12/91 09/12/91 
0.1 mls 5.0mls 
llQ/L llQ/L 
2000 2.0 
sou 70 
sou 1.0 u 
lOOU 2.0 u 

107% 105% 
95.0% 99.2% 

This flag is used when the analyte is found 
in the blank as well as a sample. Indicates 
possible/probable blank contamination. 

Indicates an estimated value when result 
is Jess than specified detection limit. 
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TOTAL PETROLEUM HYDROCARBONS BY GC/FID 
Mocfdied EPA Method 8015 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists& 
Consultants 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

Matrix: Waters ~ Project: 21048 006 5052 005 
(/ · C Report No: 8994-Dames & Moore 

Data Release Author~ ~:.&l~:=¥-----"._L_..JJ.v.....--"'-'""-~R,: 00/05/91 
Report Prepared: 9/13/91- MAC:K kas 

Date Extracted: 
Date Analyzed: 

LabiD Client Sample ID 
8994 MB Method Blank 
8994 A MWl-000591 
8994 B MW2-000591 
8994 c MW3-000591 
8994 D MW4-000591 
8994 E MW7-000591 

00/10/91 
00/11/91 

TPH (ppm) 
10 u 
10 u 
10 u 
10 u 
lOU 
10 u 

Pattern ID 

------
..,.., ____ 
...... ___ ... 

-----
------
----

U Indicates compound was analyzed for but not detected at the given 
detection limit. 

Gasoline surrogate: Bromobenzene 
Diesel surrogate: Me-arachidate 

Surr. Recovery 
Gas. Diesel 
78.6% 95.1% 
122% 185% 
80.0% 98.8% 
87.9% 110% 
94.7% 107% 
73.0% 107% 



----------·-- - - ----Chain of Custody -DAMES & MOORE 
Date_9_, )-, _jJ_ PageL of(._ ~ 

500 Market Place Tower • 2025 First Avenue • Seattle, Washington 98121 • (206) 728-0744 

Project Number: 2..1 0'1'6 l::r>i1 c::nll? c bs- Analysis Request 
Project Manager:· 'iv" t 11t1,f= 0 

Laboratory: A ~r Ill ~~ 
Cll 

Tum around time: "2-w~ ........ 5 C4 ....... 
IJ'l s r."P 

(!j 

~~ ~ j :s~ §co &! N ~ 
5j0 > ·~ ~0 

_..:::::: J Comments/ <:: 

Sampler's Initials: ~ Wwc , 
II) 

~~ h 
t;;:);,. ~ 0 

21!:2.. i ~ .b !:2.. ~ ..=! ....... ~ Instructions 0 

0 ~ i $! .o ~ i g 
-u:r"""'( oM 0 

Sampler's Signature: ~(.WLW &1. ~ 2 ~·~ ~ 
n.::;. X _g ~N ~ ~~ ZN ·~-~ g 'J:I~ •m ~ ~-- Q E 

Sample ID Date Time Matrix ~~ :1:2 ~2 M~ 0~ ~~ .:J ~~ ll. ....... ~ 
ID ll.:J: we z 

I-{ vJ I - OlJO':JCf I CJ/?/91 lU: t:f ~,_{) ')( ~ ~ 

V\ VJ & - rllo5i 1 tz..oo )<1 X 3 
iAW 3- ~Cfo57f IPJ20 )<. X 3 

k wt.f - ()Cfor;w \ \46 ) X 3 
~1lJ}7- Ot;Pr;<tJ 'W 1100 v )I. X 3 

~ Llit) lit, ~'~9oSW-'D Wttl i(OV -- -·-~ ... f-. _</'\{ ,'f\L I t- ~ ~ 1'7_ 
1- 'V fl' •v II .. I kiN VVI'""" 'I -,:;;;-

I ri D Blavt t- 1'1!4/tf! ll z_ 

Special Instructions/Comments: Relinquished by: Received by (lab): ~ , Sample Receipt 
' ~ ~VgL )rota! no. of containers:t--

(Sig) '1}1W' 0 a V--J (Sig)/ ~ 1 t .£.~~ r-
(Printed) I V1 v\)) u I ({ Yv\5 (Print~ -F/4N' ,/£/d/_;.s Chain of custody seals: 

t--
Rec'd good condition/cold: 

(Company}l)CtVW../) \. Nborc.... (Company) ~.£X · ~ ~ 

(Time) 10 OS (Date)1/.t?Jq \ 
Conforms to record: 

(Time)/:?'/ CJ 9 (Date~. '/ Lab number: 

/-i A (2. I_!+' 'Ycrc; L.( 
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SECOND QUARTERLY SAMPLING EVENT 
JANUARY, 1992 
7100 SECOND AVENUE 

For 

ALASKA MARINE LINES 
JOB NO. 21048-004-005 
MARCH 20, 1992 

•DAMES & MOORE 

DISDocLabel
12/05/06 : Corporate Legal : Alaska Marine Lines, Inc. 08 : Environmental Report : Second Quarterly Sampling Event January, 1992 7100 2nd Avenue : �
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@ DAMES & MOORE 
500 MARKET PLACE TOWER, 2025 FIRST AVENUE, SEATTLE, WASHINGTON 98121 

(206) 728-0744 FAX: (206) 448-7994 

Alaska Marine Lines 

7100 Second Avenue 
Seattle, Washington 

Attn: Mr. Bill Troy 
President 

Dear Mr. Troy: 

March 20, 1992 

Second Quarterly Sampling Event 

January, 1992 

7100 Second Avenue 
Seattle, Washington 

This letter report summarizes the findings and conclusions for the second quarterly sampling 
event at the 7100 Second Avenue site. 

Monitoring Well Sample Collection 

Dames & Moore sampled the monitoring wells on January 10, 1992. Prior to sampling, all wells 
were purged using a decontaminated Teflon bailer. The bailer was lowered using a dedicated rope 

into the monitoring well. Decontamination procedures entailed scrubbing the bailer with alconox, 
an industrial soap, and thoroughly rinsing with deionized water. Ground-water samples were 
retrieved by bailer. Temperature, pH, and specific conductivity readings were monitored during the 
well purging. These parameters indicate whether ground-water conditions have stabilized and 
whether samples are fresh. Parameters associated with purging the monitoring wells are listed in 
Table 1. 

Water Levels 

Water level measurements collected during sampling and during previous sampling events are 
tabulated on Table 2. The water level data is contoured on Figure 1. 

Laboratory Results 

The ground-water samples were analyzed for total petroleum hydrocarbons (fPH; EPA modified 
method 8015), and benzene, toluene, ethylbenzene, and xylene (BTEX; EPA modified 8020) by 
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Alaska Marine Lines 
March 20, 1992 
Page 2 

lJt DAMES & MOORE 

Analytical Resources Incorporated located in Seattle, Washington. Table 3 presents the analytical 
results from this sampling event and the analytical results from previous sampling events. 

Ground-Water Quality Assurance/Quality Control Samples 

Results of ground-water QAjQC analysis are reported in Table 4. Duplicate values for toluene 
are reproducible within 46 percent. Benzene, in a duplicate sample from MW-7, was not detected 
above the detection limit. This result indicates that initial analytical results are subject to change 
upon re-analysis. Duplicate samples analyzed for ethyl benzene and xylene were not detected above 
the laboratory detection limit. The results from the rinsate sampling show no detection of BTEX 
compounds. 

We will notify your facilities of our expected second quarterly sampling dates one week in 
advance. Please call if you have any questions. 

QOS\L€Tl£RS\/ I00-2QT .1.._\ooV 

Sincerely, 

DAMES & MOORE, INC. 

~-d ;h. tv/If,·~;~ 

Ingrid M. Williams 
Staff Hydrogeologist 

~C.~/~ 
Susan C. Kent 
Project Manager 
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Figure 1 

Gound-Water Contour Map 
January 10, 1992 

Alaska Marine Lines 
7100 2nd Avenue 

Seattle, WA 
L_ _______________________________________________________________________________________________________________ Dames&Moore 
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WELL NO. DATE TIME 

MW1 1/10/92 08:30 

MW2 1/10/92 08:15 

MW3 1/10/92 08:50 

MW4 1/10/92 09:00 

MW5 1/10/92 11:00 

MW6 1/10/92 10:05 

MW7 1/10/92 09:30 

005\!t1SC\AAL2Q. TBl 

pH 

TABLE 1 
GROUND-WATER SAMPLING DATA 

SECOND QUARTERLY SAMPLING EVENT 
7100 2nd Avenue 

Alaska Marine Lines 

T sc Well Vol Purge Vol 
(-log H) CC) ( &JS) (gal) (gal) 

7.10 51.7 2920 5.3 15 

6.76 56.2 1603 5.3 15 

6.83 51.7 1925 4.8 15 

6.84 51.5 1598 5.9 12 

7.07 51.6 1890 6.4 5 

6.70 54.1 4880 7.2 13 

6.73 52.5 1633 6.5 12 

Method Remarks 

BK Pump yellowish brown 
color 

BK Pump sulfur odor 

BK Pump strong hydrocarbon 
odor 

BK Pump strong hydrocarbon 
odor, grey color 

BK Pump very silty, black 
color, no odor 

BK Pump sulfur odor, black 
color, very silty 

BK Pump lots of mud in well i 
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WELL 
NO. 

MW-1 

MW-2 

MW-3 

MW-4 

MW-5 

MW-6 

MW-7 

PIER 

N/A 
*1 
•2 

REFERENCE 
ELEVATION* 2 

99.84 

99.52 

99.71 

99.42 

98.32 

98.43 

99.48 

101.3 7 

Not Analyzed 

TABLE 2 
SUMMARY OF WATER LEVEL DATA 

SECOND QUARTERLY SAMPLING EVENT 
7100 Second Avenue 
Alaska Marine Lines 

------~ -·--···-··-·······-·-·-·-~---···--·······-----·····-··- ~-········-··-··-·-···············-~-·-

JANUARY 15, 1991 JANUARY 25, 1991 SEPTEMBER S, 1991 

DEPTH WATER DEPTH WATER DEPTH WATER 
TO LEVEL TO LEVEL TO LEVEL 

WATER ELEVATION* 2 WATER ELEVATION* 2 WATER ELEVATION* 2 

11.14 88.70 11.53 88.31 11.61 88.23 

10.44 89.08 11.12 88.40 11.26 88.26 

10.96 88.75 11.28 88.43 11.42 88.29 

1 0.11 89.31 10.20 89.22 10.33 89.09 

8.75 89.57 9.21 89.11 N/A* 1 N/A* 1 

8.77 89.66 9.38 89.05 N/A* 1 N/A* 1 

8.98 90.5 9.00 90.48 9.17 90.31 

13.43 87.94 12.12 89.25 N/A N/A 

Well covered with asphalt on 9/5/91 

JANUARY 10, 1992 

DEPTH WATER 
TO LEVEL 

WATER ELEVATION* 2 

11.11 88.73 

10.70 88.82 

11.90 87.81 

10.05 88.92 

8.84 89.48 

7.50 90.93 

9.06 90.42 

10.60 90.77 

Water elevations are relative to the site bench mark, which is the yellow-painted obstruction post located west of the voltage transformer on the south 
side of the site. The site bench mark is assigned an arbitrary elevation of 100.00 feet. 

00S\HISC\AML2.Q.l1K 
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Table 3 
Summary of Ground-Water Analytical Data 
71 00 Second Avenue 
Alaska Marine Lines 

Analysis 
Well Sampling TPH Benzene Toluene 

Number Date mgll ua/1 ua/1 

MW·1 11/V30 0.59 <1.0 <1.0 
12118!90 NA NA NA 

915191 <10.0 <1.0 <1.0 
1/10192 <2.0 <1.0 <1.0 

MW·2 11/1190 0.56 <1.0 <1.0 
12118190 NA NA NA 

9/5191 <10.0 88 <1.0 
1/10192 <2.0 110 <1.0 

MW-3 11/1190 0.33 <1.0 <1.0 
12118!90 NA 420 3.5 
9/5191 <10.0 630* 3.2 
1/10192 <2.0 500* 3.8 

MW-4 11/1190 0.027 4200 8.3 
12118190 NA 3600 <50 
9/5191 NA 2000 12 
1/10192 <2.0 2700* 11 

MW-5 11/1190 NA NA NA 

12118190 NA <5.0 <5.0 
915191 NA NA NA 

1/10192 <2.0 <1.0 <1.0 

MW-6 11/1190 NA NA NA 

12118!90 NA <5.0 <5.0 
915191 NA NA NA 
1/10192 <2.0 <1.0 <1.0 

MW·7 11/1190 NA NA NA 
12118190 NA <5.0 <5.0 
9/5191 <10.0 3.4 79 
1/10192 <2.0 1.7 4.2 

MTCA[1) 1 5 40 

Ethylbenzene 
ua/1 

<1.0 
NA 

<1.0 
<1.0 

<1.0 
NA 

<1.0 
<1.0 

1.1 
13 
16 
14 

2.1 
<50 
<1.0 
4.1 

NA 

<5.0 
NA 

<1.0 

NA 
<5.0 
NA 
<1.0 

NA 
<5.0 
<1.0 
<1.0 

30 

(11- MTCA- The Model Taxies Control Act Cleanup Regulation, Effective February 28, 1991. 
Numbers in bold indicate a concentration at or above the MTCA cleanup levels. 

Xylenes 
ua/1 

<1.0 
NA 
<2.0 
<2.0 

<1.0 
NA 

<2.0 
<2.0 

5.3 
48.4 
25 
17 

4.2 
63 
19 
17 

NA 
<5.0 
NA 
<2.0 

NA 

<5.0 
NA 
<2.0 

NA 
<5.0 
<2.0 
<2.0 

20 

< - This parameter was not detected at a concentration above the detection level indicated in the table. 

NA - Not Analyzed 
• - Indicates the initial analysis of the sample was above the linear range of the analytical instrument. 
The value shown is the concentration obtained following the required dilution. 
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TABLE 4 
SUMMARY OF GROUND-WATER QA/QC ANALYTICAL DATA 

7100 Second Avenue 

DUPLICATE SAMPLING 
WELL DATE 

SAMPLES 
1/9/92 

RINSATE SAMPLING 
SAMPLES DATE 

1/9/92 

TRIP SAMPLING 
BLANK DATE 

1/9/92 

N/A Not applicable. 
* Dilution factor of 7. 

Alaska Marine Lines 

WELL ANALYSIS SAMPLE 
NO. (pg/L) VALUES 

MW-4 Benzene 210 
Toluene < 1.0 

Ethylbenzene 1.0 
Xylenes 3.1 

WELL ANALYSIS SAMPLE 
NO. (pg/L) VALUES 

N/A Benzene N/A 
Toluene N/A 

Ethylbenzene NjA 
Xylenes N/A 

WELL ANALYSIS SAMPLE 
NO. (pg/L) VALUES 

N/A Benzene <1.0 
Toluene <1.0 

Ethyl benzene <1.0 
Xylenes <2.0 

U - Indicates compound was analyzed for, but not detected, at the given detection limit. 
J - Indicates an estimated value when result is less than specified detection limit 

OOS\f'IISCV~IR2:Q. TBl 

DUPLICATE 
VALUES 

205* 
LOU 
0.9J 
3.5 

DUPLICATE 
VALUES 

<1.0 
< 1.0 
< 1.0 
<2.0 

DUPLICATE 
VALUES 

N/A 
N/A 
N/A 
N/A 
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22 January 1992 

Sue Kent 
Dames & Moore 
500 Market Place Tower 
2025 Rrst Avenue 
Seattle, WA 98121 

RE: Client Project: 121048-Q06 
ARI Job 19777 

Dear Sue: 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists& 
Consultants 

333 Ninth Ave. North 
Seattle, WA98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

Please find enclosed the results and original chain-of-custody report for 
the above referenced project. Samples arrived in good condition on 
l/10/92, and analyses proceeded without incident. 

Samples MW-3 and MW-4 contained high levels of benzene, so the 
samples were diluted and re-analyzed. Both the initial and diluted results 
are included. 

If you have any questions or need further information. please feel free to 
call any time. I can be reached at the number above, or direct at 340-
2867, ext. 117, where you can also leave a message if I'm not available. 

Sincerely, 

ANALYTICAL RESOURCES, INC. 

e~~ller 
Project Coordinator 

KAS/ks 

Enclosures 

cc: file#9777 

DAMES & MOORE 
SEA TILE 

JAN 2 3 1992 
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ORGANICS ANALYSIS DATA SHEET - Method 602/8020 
BETX by GC·PID 

Matrix: Water 
Level: Low 

Data Release Authorized: L&~. 
Report prepared: 1/22/92 - MAC:K kas 

Method 
Sample No. Blank 

ARIID MB01/l4 
Date Analyzed 01/14/92 
Amt Analyzed 5.0mls 

CAS Number Units J.l.g/L 
71-43-2 Benzene 1.0 u 
108-88-3 Toluene 1.0 u 
100-41-4 Ethylbenzene 1.0 u 
1330-20-7 Total Xylenes 2.0U 

Surrogate Recoveries 
Trlfluorotoluene 93.9% 
Bromobenzene 85.1% 

Sample No. MW-4 
ARIID 9777D 

Date Analyzed 01/15/92 
Amt Analyzed 5.0mls 

CAS Number Units J.LQ/L 
71-43-2 Benzene 630X 
108-88-3 Toluene 11 
1Q0-41-4 Ethylbenzene 4.1 
1330-20-7 Total Xylenes 17 

Surrogate Recoveries 
Trifluorotoluene 91.2% 
Bromobenzene 95.0% 

ANALYnCAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists& 
Consultants 

QC Report No: 9777-Dames & 
Moore 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

Project No: 21048-006 
Date Received: 1/10/92 

MW·1 MW-2 MW-3 
9777A 97776 9777C 

01/15/92 01/15/92 01/15/92 
5.0mls 5.0mls 5.0mls 

f.LQ/L f.LQ/L J.Lg/L 
l.OU 110 320X 
1.0 u 1.0 u 3.8 
l.OU 1.0 u 14 
2.0U 2.0U 17 

91.4% 102% 91.2% 
89.8% 104% 100% 

. 

MW-6 MW-7 MW·1dup 
9777F 9777G 9777H 

01/15/92 01/15/92 01/15/92 
5.0mls S.Omls 5.0mls 

J.LQ/L J.LQ/L J.LQ/L 
l.OU 1.7 1.0 u 
1.0 u 4.2 1.0 u 
1.0 u 1.0 u 1.0 u 
2.0 u 2.0U 2.0U 

88.9% 80.1% 89.5% 
83.9% 78.3% 85.6% 

MW-3 
duplicate 
9777Cdup 
01/15/92 
5.0mls 

f.LQ/L 
320X 

3.8 
14 
17 

92.7% 
102% 

RB-011092 
97771 

01/15/92 
5.0mls 

J.LQ/L 
1.0 u 
1.0 u 
1.0 u 
2.0U 

82.4% 
77.1% 

Data Reporting Qualifiers 

Value If the result is a value greater than or equal 
to the detection limit. report the value. 

U Indicates compound was analyzed for but 
not detected at the given detection limit. 

B 

J 

This flag Is used when the analyte Is found 
in the blank as well as a sample. Indicates 
possible/probable blank contamination. 

Indicates an estimated value when result 
Is less than specified detection limit. 
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ORGANICS ANALYSIS DATA SHEET - Method 602/8020 
BETX by GC-PID 

Matrix: Water 
Level: Low 

Data Release Authorized: ,LA.~ 
Report prepared: 1 !22/92 - MAC:K kas 

Trip 
Sample No. Blank 

ARIID 9777J 
Date Analyzed 01/15/92 
Amt Analyzed 5.0mls 

CAS Number Units J.LQ/L 
71-43-2 Benzene 1.0 u 
108-88-3 Toluene 1.0 u 
100-41-4 Ethylbenzene 1.0 u 
1330-20-7 Total Xylenes 2.0U 

Surrogate Recoveries 
Trifluorotoluene 83.6% 
Bromobenzene 78.4% 

MW-3 
Sample No. dup. dilution 

ARIID 9777Cdup 25X 
Date Analyzed 01/15/92 
Amt Analyzed 0.2mls 

CAS Number Units J!Q/L 
71-43-2 Benzene 450 
108-88-3 Toluene 25U 
100-41-4 Ethylbenzene 25U 
1330-20-7 Total Xylenes sou 

Surrogate Recoveries 
Trifluorotoluene 89.00-b 
Bromobenzene 85.3% 

QC Report No: 

Project No: 
Date Received: 

Method 
Blank MW-5 

MB01/15 9777Ere 
01/15/92 01/15/92 
5.0mls 5.0mls 

J.LQ/L J.LQ/L 
l.OU 1.0 u 
1.0 u 1.0 u 
1.0 u 1.0 u 
2.0 u 2.0U 

86.7% 96.7% 
76.8% 103% 

MW-4 
dilution 

9777DSOX 
01/15/92 

0.1 mls 
J.LQ/L 
2700 
sou 
sou 
100 u 

94.7% 
85.7% 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists& 
Consultants 

333 Ninth Ave. North 
Seattle, WA 98109-5187 

9777-Dames & (206)621-6490 

Moore (206) 621-7523 (FAX) 

21048-006 
1/10/92 

MW-3 
dilution 

9777C 25X 
01/15/92 
0.2mls 

J.LQ/L 
500 
25U 
25U 
sou 

99.1% 
97.6% 

Data Reporting Qualifiers 

Value If the result is a value greater than or equal 
to the detection limit. report the value. 

U Indicates compound was analyzed for but 
not detected at the given detection limit. 

B 

J 

This flag is used when the analyte is f 
in the blank as well as a sample. lnd 
possible/probable blank contamina1 

Indicates an estimated value when r 
Is less than specified detection limit. 
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TOTAL PETROLEUM HYDROCARBONS 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists& 
Consultants 

1 
WA HCID Method by GC/FID 333 Ninth Ave. North 

Seattle, WA98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

I Matrix: Water 

QC Report No: 9777-Darnes & Moore 
Project: 21048-006 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Data Release Authorized --f..l.&!.~~(f::JJ~:::...::::: 
Data Prepared: 1/14/92 - MAC: RPR 

Date extracted: 01/13/92 
Dates Analyzed: 01 /13/92 

VTSR: 01 /10/92 

Dilution Petroleum 
LabiD Client Sample ID Factor Hydrocarbons t TPH ID • 

MB 0103 Method Blank - 2.0 u -
9777 A MW-1 - 2.0U No 
9777 B MW-2 - 2.0U No 
9777 c MW-3 - 2.0U No 
9777 D MW-4 - 2.0U No 
9777 E MW-5 - 2.0U No 
9777 F MW-6 - 2.0U No 
9777 G MW-7 - 2.0U No 
9777 H MW-1 DUP - 2.0U No 
9777 I RB- 011092 - 2.0 u No 

Surrogate is Me-Arachidate. 

Values reported in ppm (mg/L). 

Surrogate 
Recovery 

88.4% 
130% 
98.2% 
79.9% 
98.4% 
99.5% 
98.5% 
93.6% 
87.6% 
128% 

U Indicates compound was analyzed for but not detected at the given detection limit. 

X Indicates a value above the linear range of the detector. Dilution required. 

• In the opinion of the analyst. was there a pattem match for diesel or gasoline (yes or no). 

t Value based on total peaks in the range from Toluene to C24. 



'9! DAMES & MOORE Chain of Custody 
Date_j_/.J.::_/:11._ Page _t of_/_ 

s::: ' l 

500 Market Place Tower • 2025 First Avenue· Seattle, Washington 98121 • (206) 728-0744 

Project Number: Zlo'fg-ao/., Analysis Request 
Project Manager: :St..te. Ke"r ·~· 

0 

Laboratory: A fl.. I 
,.... 

!!! .g~ 
v 1,/) 

Turn around time: RetJ""l~ 
. ~~ 

i:i en ........ ::X:: a; 

~ i ~~ 
I ~ cu ... 

~ ~ Comments/ g(l) V\ 
ffig cu ~g 

It) 

~ i 6 
Sampler's Initials:~ i ~ ~ 

.... ~ a.. ~;)' I nstru ctio ns () 
!:!'~ .b~ <.s ; X.. 0 0~ 

'i~ a!~ f~ I co 

Jl t 
a..;::. )( j Sampler's Signature: ~N Q) ... ZN g 'J:: ~i "" <XI r! )~ ~ ~~ ~ 

>-"" 
~ 

E 
Sample ID Date Time Matrix ON !ig o'R l::{l ~~ a..;:o :I 

>w :r:;g a..:r:: W- z 

Mw-1 •ltc:Hl- 10".46 liz.D / V""' 3 
I I 

MUJ-2 /2.:*1-n } ,; J/ ~ 

Mw~2> JO:® ,; ~ ~I 

Mu.J-1.} /1: "%0 ,/ / 
,, 

Mw-'5' ,..,.:to ,/ ,/ !> 
MvJ- lo ll~: I.J5 / ,/ ?> 
Mw..-"1 tz.:oo / / ~ 

MuJ•I b~. to: "-15 / ,/ !J 

RS.- 01 \Ol.\2 v fr.J..I-5 / I D 

1-rr,:.O ~\G""- LhJqz.. - ~ J 
I I 

' 
I 

Special Instructions/Comments: Relinquished by: Received by (lab): Sample Receipt 

(Sig) 1!~:___...- (S~) • ~~~~ ~"· 
Total no. of containers: 

1--

Chain of custody seals: 
(Printed) s c.D'tt .:r. ""; ~ ~ Oo"' (Printed) ~=== · ==·~ 1--

(Company) bal~~ ~ M~,.e.. (Company) e. B ,\ I 

Rec'd good condition/cold: 
~ 

Conforms to record: 

(Time) LS=IDt (Date) llto/q,. (Time) 3 ~ :lO pm. (Date) 1j1o \'i .. 
( ~ab n~mber: (\'\ 1'\'\ 

-- - - - - - - - - - - - - - - - - -· -
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THIRD QUARTERLY SAMPLING REPORT 
QUARTERLY GROUND-WATER MONITORING 
7100 2ND AVENUE S.W. 
ALASKA MARINE LINES 

For 

ALASKA MARINE LINES 
JOB NO. 21048-004-005 
May 15, 1992 

¥DAMES & MOORE 

DISDocLabel
12/05/06 : Corporate Legal : Alaska Marine Lines, Inc. 08 : Environmental Report : Third Quarterly Sampling Event Quarterly Ground Water Monitoring 7100 2nd Avenue  : �
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8 DAMES & MOORE 
500 MARKET PLACE TOWER, 2025 FIRST AVENUE, SEATTLE, WASHINGTON 98121 

(206) 728-0744 FAX: (206) 448-7994 

Alaska Marine Lines 
7100 Second Avenue 
Seattle, Washington 

Attn: Mr. Bill Troy 

President 

Dear Mr. Troy: 

May 15, 1992 

Third Quarterly Sampling Event April, 1992 
7100 Second Avenue 
Seattle, Washington 

This letter report summarizes the findings and conclusions for the third quarterly sampling event 

at the 7100 Second Avenue site. 

Monitoring Well Sample Collection 

Dames & Moore sampled the monitoring wells on April 9, 1992. The integrity of the samples 
was maintained by deconning all sample retrieval tools. Prior to sampling, all wells were purged 
using a decontaminated, hand-operated, BK pump. Decontamination procedures entailed scrubbing 

the bailer with alconox, an industrial soap, and thoroughly rinsing with deionized water. Ground
water samples were retrieved by using a decontaminated bailer. Temperature, pH, and specific 
conductivity readings were monitored during the well purging. These parameters indicate whether 
ground-water conditions have stabilized and whether samples are fresh. Parameters associated with 
purging the monitoring wells are listed in Table 1. 

Water Levels 

Water level measurements collected during sampling and during previous sampling events are 
tabulated on Table 2. The water level data are contoured on Figure 1. 
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Alaska Marine Lines 
May 15, 1992 
Page2 

Laboratory Results 

8 DAMES & MOORE 

The ground-water samples were analyzed for total petroleum hydrocarbons, scanning for diesel 
and gasoline range hydrocarbons (TPH-D and TPH-G; EPA 8015) and benzene, toluene, 

ethylbenzene, and xylene (BTEX; EPA modified 8020) by Analytical Resources Incorporated located 
in Seattle, Washington. Table 3 presents the analytical results from this sampling event and the 

analytical results from previous sampling events. 

Ground-Water Quality Assurance/Quality Control Samples 

Results of ground-water QAfQC analysis are reported in Table 4. Analytical results were 
reproducible as shown by the results for duplicate well samples from MW-6. A rinse sample from 
the bailer shows no detection of BTEX or TPH compounds. Trip samples were also confirmed clean 
of contamination. 

We will notify your facilities of our expected fourth quarterly sampling dates one week In 

advance. Please call if you have any questions. 

Sincerely, 

DAMES & MOORE, INC. 

~F f-(, unu 1\t-<---, 

Ingrid M. Williams 
Staff Hydrogeologist 

~flM (. tAt 
Susan C. Kent 

Project Manager 



LEGEND: 

$ MW-1 Monitoring Well Number and Location 

OS y Duwamlsh Reference Station Location 

W Site Bench Mark Location (assumed elevation = 100 feet) 

:-·;.:1·-: Former UST Location and Number -------· 
(00.7) Ground-Water Elevation Maasured,in Feet 

on April 9, 1992 Relative to Site Bench Mark 

--90.0 Estimated Ground·Water Contour, Contour lntervails One Foot 
(dashed where uncertain) 

____.... Estimated Ground·Water Flow Direction 

Ali locations are approximate. 
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Figure 1 

" I M'''l "-' •- 1 Ground-Water Contour Map ~ April 9, 1992 
~ 7100 2nd Avenue 
::a o 2s so Alaska Marine Lines 
~ ~~~ 
z Scale in Feet Dames & Moore ~ L_ ________________________________________________________________________________________________________________ ___ 
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WELL NO. DATE TIME 

MWI 4/09/92 08:38 

MW2 4/09/92 08:47 

MW3 4/09/92 08:30 

MW4 4/09/92 10:22 

MW5 4/09/92 10:10 

MW6 4/09/92 09:05 

MW7 4/09/92 09:25 

OOSVH~C\II.Mt H). HH 

pH 

TABLE 1 
GROUND-WATER SAMPLING DATA 

THIRD QUARTERLY SAMPLING EVENT 
7100 2nd Avenue 

Alaska Marine Lines 

T sc Well Vol Purge Vol 
(-log Hj ("C) (JJS) (mV) (gal) 

7.35 13.3 -23.6 5.8 18 

7.38 13.4 -24.8 6.4 18 

7.93 13.2 -52.3 6.5 18 

7.75 12.0 -42.5 1.5 18 

8.02 11.7 -59.0 1.7 5 

7.32 12.8 -19.6 1.5 5 

7.55 11.4 -30.3 2.0 5 

Method Remarks 

BK Pump slight hydrocarbon 
odor; H-$ odor 

BK Pump strong H-$ odor 

BK Pump strong hydrocarbon 
odor; H-$ odor 

BK Pump distinct hydrocarbon 
odor 

BK Pump Poor recovery of 
water in well; H-$ 
odor 

BK Pump Poor recovery of 
water in well; no 
odor 

BK Pump Poor recovery of 
water in well; no 
odor 



-------------------

N/A 
1 

----·······---·-·--·-···-·--·····-·-

TABLE 2 
SUMMARY OF WATER LEVEL DATA 

THIRD QUARTERLY SAMPLING EVENT 
7100 Second Avenue 
Alaska Marine Lines 

WATER LEVEL ELEVATION 2 

WELL November 1, 1990 January 15, 1991 January 25, 1991 September 5, 1991 
NO. 

MW-1 87.87 88.70 88.31 88.23 

MW-2 88.18 89.08 88.40 88.26 

MW-3 87.89 88.75 88.43 88.29 

MW-4 88.45 89.31 89.22 89.09 

MW-5 N/A 89.57 89.11 N/A 1 

MW-6 N/A 89.66 89.05 N/A 1 

MW-7 N/A 90.50 90.48 90.31 

PIER N/A 87.94 89.25 N/A 

Not Analyzed 
Well covered with asphalt on 9/5/91 

January 10, 1992 April 8, 1992 

88.73 88.74 

88.82 88.82 

87.81 88.81 

88.92 89.42 

89.48 89.32 

90.93 89.63 

90.42 90.48 

90.77 89.57 

Water elevations are relative to the site bench mark, which is the yellow-painted obstruction post located west of the voltage transformer on the south 
side of the site. The site bench mark is assigned an arbitrary elevation of 100.00 feet. 

005\MtS(':\AMI )CJ.lBL 



I 
Table 3 

I Summary of Ground-Water Analytical Data 
71 00 Second Avenue 

I Alaska Marine Lines 

Analysis 

I 
Well Sampling TPH TPH-0' TPH-G:Z Benz- Toluene Ethylbenzene 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Number Date mg/1 mall mall Ua/1 Uall 

MW·1 11/1190 0.59 NA NA <1.0 <1.0 
1211&90 NA NA NA NA NA 

915191 <10.0 NA NA <1.0 <1.0 

1/10192 <2.0 NA NA <1.0 <1.0 
419."32 NA <0.25 <0.25 <1.0 <1.0 

MW-2 11/1190 0.56 NA NA <1.0 <1.0 
1211&90 NA NA NA NA NA 

915.91 <10.0 NA NA 88 <1.0 
1/10192 <2.0 NA NA 110 <1.0 
419!92 NA 0.58 0.14J1 65 <1.0 

MW-3 11/1190 0.33 NA NA <1.0 <1.0 
1211&90 NA NA NA 420 3.5 
9/5191 <10.0 NA NA 630" 3.2 
1/10192 <2.0 NA NA soo• 3.8 
419!92 NA <0.25 0.721 620" 3 

MW-4 11/1190 0.027 NA NA 4200 8.3 
1211&90 NA NA NA 3600 <50 
9/5191 NA NA NA 2000 12 
1/10192 <2.0 NA NA 2700" 11 
419!92 NA <0.25 0.15J1 1800" 6.2 

MW-5 11/1190 NA NA NA NA NA 
1211&90 NA NA NA <5.0 <5.0 

9/5191 NA NA NA NA NA 
1/10192 <2.0 NA NA <1.0 <1.0 
419!92 NA <0.25 <0.25 <1.0 <1.0 

MW-6 11/1190 NA NA NA NA NA 
1211&90 NA NA NA <5.0 <5.0 
9/5191 NA NA NA NA NA 
1/10192 <2.0 NA NA <1.0 <1.0 
419!92 NA 4.2' <0.25 <1.0 <1.0 

MW-7 11/1190 NA NA NA NA NA 
1211&90 NA NA NA <5.0 <5.0 

9/5191 <10.0 NA NA 3.4 79 
1/10192 <2.0 NA NA 1.7 4.2 
419."32 NA 6.61 <0.25 1.6 <1.0 

MTCA2 1 1 1 5 40 

1 - In the opinion of the laboratory analyst, there was no chromatographic pattern match for diesel or gasoline. 
2.. MTCA- The Model Toxlcs Control Act Cleanup Regulation, effective February 28, 1991. 
Numbers In bold Indicate a concentration at or above the MTCA cleanup levels. 
<-This parameter was not detected at a concentration above the detection level indicated in the table. 
NA - Not Analyzed 
• - Indicates the Initial analysis of the sample was above the linear range of the analytical Instrument. 
The value shown is the concentration obtained following the required dilution. 

ua/1 

<1.0 
NA 

<1.0 
<1.0 
<1.0 

<1.0 
NA 
<1.0 
<1.0 
<1.0 

1.1 
13 
16 
14 
9.1 

2.1 
<50 
<1.0 
4.1 

<1.0 

NA 
<5.0 
NA 

<1.0 
<1.0 

NA 
<5.0 
NA 
<1.0 
<1.0 

NA 
<5.0 
<1.0 
<1.0 
<1.0 

30 

Xylene& 
I.Jg./1_ 

<1.0 
NA 
<2.0 
<2.0 
<2.0 

<1.0 
NA 
<2.0 
<2.0 
<2.0 

5.3 
48A 
25 
17 
18 

4.2 
63 
19 
17 
5.7 

NA 
<5.0 
NA 

<2.0 
<2.0 

NA 
<5.0 
NA 

<2.0 
<2.0 

NA 
<5.0 
<2.0 
<2.0 
<2.0 

20 
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TABLE 4 
SUMMARY OF GROUND-WATER QA/QC ANALYI'ICAL DATA 

7100 Second Avenue 
Alaska Marine Lines 

DUPLICATE SAMPLING WELL ANALYSIS SAMPLE 
WELL DATE NO. VALUES 

SAMPLES 
4/9/92 MW-6 Benzene <1.0 pg/L 

Toluene <1.0 pg/L 
Ethylbenzene <1.0 pg/L 

Xylenes <2.0 pg/L 
TPH ·Diesel 4.2 ppm 

TPH- Gasoline <0.25 ppm 

RINSATE SAMPLING WELL ANALYSIS SAMPLE 
SAMPLES DATE NO. VALUES 

4/9/92 N/A Benzene <1.0 11g/L 
Toluene <1.0 11g/L 

Ethylbenzene <1.0 11g/L 
Xylenes <2.0 11g/L 

TPH- Diesel <0.25 ppm 
TPH - Gasoline <0.25 ppm 

TRIP SAMPLING WELL ANALYSIS SAMPLE 
BLANK DATE NO. VALUES 

4/9/92 N/A Benzene <1.0 11g/L 
Toluene <1.0 11g/L 

Ethylbenzene < 1.0 11g/L 
Xylenes <2.0 J.1g/L 

N/A- Not applicable. 
U - Indicates compound was analyzed for, but not detected, at the given detection limit. 
J - Indicates an estimated value when result is less than specified detection limit. 
pg/L - micrograms per liter 
ppm - parts per million 

I OOS\MISC\AMLl<l.-

I 

DUPLICATE 
VALUES 

<1.0 pg/L 
<1.0 pg/L 
<1.0 pg/L 
<2.0 J.1g/L 
4.6 ppm 

<0.25 ppm 

DUPLICATE 
VALUES 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

DUPLICATE 
VALUES 

N/A 
N/A 
N/A 
N/A 
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23 Apri11992 

Ingrid Williams 
Dames & Moore 
500 Market Place Tower 
2025 Rrst Avenue 
Seattle, WA 98121 

RE: Client Project: Alaska Marine Unes 
ARI Job #A420 

Dear Ingrid: 

DAMES & MOORE 
SEATTLE 

APR 2 4 1992 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists& 
Consultants 

333 Ninth Ave. North 
Seattle, WA 98109·5187 
(206) 621-6490 
(206} 621-7523 (FAX} 

Please find enclosed the results and original chain-of-custody records for 
the above referenced project. Nine samples were received in good 
condition on 4/9/92. 

BETX samples MW-3 and MW-4 required re-analysis at dilution due to 
levels of benzene above the instrument calibration range. Values for all 
the runs are reported here. The analyst notes that diesel samples MW-6, 
MWX-6, and MW-7 appear to have hydrocarbons in the motor oil range. 
Analysis by Method 418. 1 could be used to achieve more accurate 
quantitation of these levels. 

If you have any questions or need further information, please feel free to 
call any time. 

Sincerely, 

ANALYTICAL RESOURCES, INC. 

tai~~ 
Kate St gemoeller 
Project Coordinator 
206-340-2867, ext. 117 

KAS/ks 

Enclosures 

cc: file#M20 
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TOTAL DIESEL RANGE HYDROCARBONS 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists& 
Consultants 

I WA TPHD Method by GC/FID 
333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206} 621-6490 

QC Report No: A420-Dames&Modfi6}621-7523 (FAX} 

Project: Alaska Marine Unes I Matrix: Waters 

I Data Release Authorized /1f;t. ¥--1 Data Prepared: 04/14/92- MAC:C PA 

Date Extracted: 04/10/92 

VTSR: 04/09/92 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Dates Analyzed: 04/13-14/92 

Dilution Diesel Surrogate 
LabiD Client Sample ID Factor Hydrocarbons t DieseiiD • Recovery 

A420 MB Method Blank 1 0.25U No 106% 
A420A MW-1 1 0.25U No 112% 
A4208 MW-2 1 0.58 Yes 114% 
A420C MW-3 1 0.25U No 106% 
A420D MW-4 1 0.25U No 113% 
A420E MW-5 1 0.25U No 110% 
A420F MW-6 1 4.2 No 61.3% 
A420G MWX-6 1 4.6 No 79.4% 
A420H MW-7 1 6.6 No 93.3% 
A4201 RB-040992 1 0.25U No 103% 
A420 IDUP RB-040992 DUPL. 1 0.25U No 119% 

Surrogate is Me-Arachidate. 

Values reported In ppm (mg/l). 
S Indicates no value reported due to saturation of the detector. 
U Indicates compound was analyzed for but not detected at the given detection limit. 
X Indicates a value above the linear range of the detector. Dilution required. 
• In the opinion of the analyst, was there a pattern match for diesel. 
t Value based on total peaks in the range from C 12 to C24. 
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TOTAL GASOLINE RANGE HYDROCARBONS BY GC/FID 
WA TPH-G Method (Purge & Trap) 

ANALYllCAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206) 621·6490 
(206) 621-7523 (FAX) 

Matrix: Waters 

QC Report No: A420-Dames & Moore 
Project: Alaska Morine Unes 

Data Release Authorized ~ 
Data Prepared: 04!23/92 MAC:D sk 

VTSR: 04/a:J/92 

Dote Analyzed: 04/16.17 20/92 

Dilution Gasoline Range 
LabiD Client Sample ID Factor Hydrocarbons t Gas ID • 

A420 MB Method Blank 
A420 A MW-1 

A420 c MW-3 
A420 D MW-4 
A420 Ddup MW-4 dup 
A4201 RB-040992 
A420 MB Method Blank 
A420 B MW-2 
A420E MW-5 
A420 F MW-6 
A420 G MWX-6 
A420 H MW-7 

Surrogate A = Trifluorotoluene 
Surrogate B = Bromobenzene 

Values reported in ppm (mg/L). 

NA 0.25 u No 
NA 0.25U No 
NA 0.72 No 
NA 0.15 J No 
NA 0.15 J No 
NA 0.25U No 
NA 0.25 u No 
NA 0.14 J No 
NA 0.25 u No 
NA 0.25 u No 
NA 0.25U No 
NA 0.25U No 

Surrogate 
A 

94.3% 
92.9% 
90.2% 
93.00.{, 

85.6% 
92.1% 
95.2% 
101% 
101% 

90.9% 
94.6% 
97.6% 

U Indicates compound was analyzed for but not detected at the given detection limit. 

X Indicates a value above the linear range of the detector. Dilution required. 

• In the opinion of the analyst. was there o pattern match for gasoline (yes or no). 

t Value based on total peaks in Toluene-C12 range. 

J Indicates an estimated value when result is less than specified detection limit. 

Surrogate 
B 

90.2% 
91.6% 
97.7% 
96.7% 
90.00k 
88.4% 
97.0% 
97.6% 
99.6% 
86.2% 
90.9% 
95.5% 
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ORGANICS ANALYSIS DATA SHEET 
BETX by Method 602/8020 
Matrix: Water 
Level: Low 

Data Release Authorized: /)IJ,; L -~L 
Report prepared: 04/22/9~" 

Project No: Alaska Marine Lines 

QC Report No: A420-Dames & Moore 
VTSR: 4/9/92 

Instrument ID: GC/PID Sample No. Method Blk Method Blk MethodBik MW-1 
ARIID MB0415 MB0416 MB0420 A420- A 

Date Analyzed 4/15/92 4/16/92 4/20/92 4/16/92 
Amt Analyzed 5.0ml 5.0ml 5.0ml 5.0ml 

CAS Number Units Jlg/L Jlg/L 11g/L Jlg/L 
71-43-2 Benzene 1.0 u 1.0 u 1.0 u 1.0 u 
108-88-3 Toluene 1.0 u 1.0 u 1.0 u 1.0 u 
100-41-4 Ethylbenzene 1.0 u 1.0 u 1.0 u 1.0 u 
133Q-2Q-7 Total Xylenes 2.0 u 2.0U 2.0U 2.0U 

Trifluorotoluene 105% 89.5% 78.3% 97.1% 
Bromobenzene 102% 94.3% 80.0% 98.5% 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists& 
Consultants 

333 Ninth Ave. North 
Seattle, WA98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

MW-2 
A420- B 
4/16/92 
5.0ml 

llg/L 
65 

1.0 u 
1.0 u 
2.0U 
94.4% 
95.6% 

Instrument ID: GC/PID Sample No. MW-3 MW-3 MW-4 MW-4dup MW·4dl 
ARIID A420-C A420-Cdl A420- D A420- D Duj: A420- D dl 

Date Analyzed 4!16/92 4/20/92 4/16/92 4/16/92 4/22/92 
Amt Analyzed 5.0ml 0.5ml 5.0ml 5.0ml 0.1 ml 

CAS Number Units Jlg/L llg/L Jlg/L Jlg/L 11g/L 
71-43-2 Benzene 220X 620 370X 370X 1800 
108-88-3 Toluene 3.0 10 u 6.2 6.0 sou 
100-41-4 Ethylbenzene 9.1 lOU 1.0 u 1.0 u sou 
1330-20-7 Total Xylenes 18 20U 5.7 5.1 100 u 

Tritluorotoluene 93.5% 97.5% 96.4% 88.9% 91.6% 
Bromobenzene 105% 98.1% 102% 94.8% 96.7% 

GC DATA QUAUFIERS 

U Indicates the compound was undetected at the listed concentration. 

J Indicates an estimated value when the value is less than the calculated detection limit. 

D Indicates the surrogate(s) was not detected, due to dilution of extract. 

NR Indicates the surrogate recovery cannot be reported due to matrix interference. 

X Indicates a value above the linear range of the detector. Dilution required. 

S Indicates no value reported due to saturation of the detector. Dilution required. 

C Indicates a probable value which is unable to be confirmed due to matrix interference 
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ORGANICS ANALYSIS DATA SHEET 
BETX by Method 602/8020 
Matrix: Water 
Level: Low 
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Report prepared: 04/22/92 - MAC: 

Instrument ID: GC/PID Sample No. 
ARIID 

Date Analyzed 
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CAS Number Units 
71-43-2 Benzene 
108-88-3 Toluene 
100-41-4 Ethylbenzene 
1330-20-7 Total Xylenes 

Trifluorotoluene 
Bromobenzene 

Instrument ID: GC/PID Sample No. 
ARIID 

Date Analyzed 
Amt Analyzed 

CAS Number Units 
71-43-2 Benzene 
108-88-3 Toluene 
100-41-4 Ethylbenzene 
1330-20-7 Total Xylenes 

Trifluorotoluene 
Bromobenzene 

MW-5 
A420- E 
4/17/92 
S.Oml 
J.l.g/L 
1.0 u 
1.0 u 
1.0 u 
2.0U 
93.1% 
96.2% 

ProJect No: Alaska Marine Lines 

QC Report No: A420-Dames & Moore 
VTSR: 4/9/92 

MW-6 
A420- F 
4/17/92 
S.Oml 
J.l.g/L 
1.0 u 
1.0 u 
1.0 u 
2.0U 
83.9% 
85.0% 

MWX-6 MW-7 RB-040992 
A420-G A420- H A420-l 
4/17/92 4/17/92 4/16/92 
S.Oml S.Oml S.Oml 
J.l.g/L J.l.g/L J.l.g/L 
1.0 u 1.6 1.0 u 
1.0 u 1.0 u 1.0 u 
1.0 u 1.0 u 1.0 u 
2.0U 2.0 u 2.0 u 
85.8% 89.3% 86.3% 
87.6% 92.1% 90.9% 

GC DATA QUALIFIERS 

U Indicates the compound was undetected at the listed concentration. 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists& 
Consultants 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206) 621-6490 
(206) 621-7523 {FAX) 

J Indicates an estimated value when the value is less than the calculated detection limit. 

D Indicates the surrogate(s) was not detected. due to dilution of extract. 

NR Indicates the surrogate recovery cannot be reported due to matrix interference. 

X Indicates a value above the linear range of the detector. Dilution required. 

S Indicates no value reported due to saturation of the detector. Dilution required. 

C Indicates a probable value which is unable to be confirmed due to matrix interference 
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@ DAMES & MOORE 
500 MARKET PLACE TOWER, 2025 FIRST A VENUE, SEA TILE, WASHINGTON 98121 

(206) 728-0744 FAX: (206) 727-3350 

Mr. Bill Troy 
Alaska Marine Lines 
7150 - 2nd Avenue S.W. 
Seattle. Washington 98106 

Dear Mr. Troy: 

November 6. 1992 

Report 
Fourth Quarterly Sampling Event and Annual 
Monitoring Report 
7100 Second Avenue Southwest 
5615 West Marginal Way Southwest 
Alaska Marine Lines 
21048..()()6..()()5 

Transmitted herewith are two copies of our report entitled Fourth Quarterly Sampling Event and 
Annual Monitoring Report for the 7100 Second Avenue Southwest and the 5615 West Marginal Way 
Southwest facilities. The reports summarize Dames & Moore's quarterly monitoring activities conducted 
between September 1991 and August 1992 and presents our conclusions and recommendations. 

These reports are final subject to your approval If you should wish for us to amend these reports 
please contact our office at your earliest convenience so that we may discuss any modifications. We 
trust this report meets your current requirements. Dames & Moore appreciates the opportunity to assist 
you on this important project. 

cc: Bob Strong, Lynden, Inc. 

Respectfully submitted, 

DAMES & MOORE 

Ingrid M. Williams 
Project Manager 

OFFICES WORLDWIDE 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

EXECUTIVE SUMMARY 

This report documents the activities and findings of four quarterly ground-water monitoring events 
conducted by Dames & Moore for Alaska Marine Lines (AML) at its facility at 7100 2nd Avenue S.W., 
Seattle, Washington. Project objectives were to map the horizontal extent of petroleum hydrocarbons and 
constituents in site groundwater, to evaluate the potential rate and direction of migration of the 
contaminants, and consider potential risks to human and ecological health associated with contaminated 
groundwater on site. The work has been conducted in accordance with the Model Toxics Control Act 
Cleanup Regulation effective February 28, 1991 (MTCA). 

Project activities are listed below: 

• Sampled seven ground-water monitoring wells; 

• Analyzed ground-water samples for presence of diesel, gasoline, and petroleum 
constituents; 

• Measured water levels in on-site monitoring wells; and, 

• Conducted permeability tests and 24-hour water level survey in on-site wells. 

Extent and Concentration of Petroleum in Groundwater 

• Concentrations of benzene, toluene, xylene, and diesel in groundwater have been detected above 
MTCA Method A cleanup guidelines in several on site wells; 

• Benzene concentrations remained consistently high throughout the sampling period relative to 
MTCA Method A cleanup guidelines; 

• Diesel concentrations in affected wells were at or below MTCA Method A cleanup guidelines; and, 

• Toluene and xylene concentrations in affected wells decreased over the monitoring period to below 
MTCA Method A cleanup guidelines. 

Migration Rate and Direction of Groundwater 

• Ground-water levels fluctuate in response to tides occurring in the Duwamish Waterway; 

• Ground-water flow direction from beneath the site is northeasterly and southerly (directly northeast 
to the Duwamish or to a slip just south of the site). Ground-water flow appears to divide midway 
across the site near MW-7. Ground-water movement northwest of MW-7 flows toward the 
Duwamish and movement south of MW-7 occurs toward the slip; the ground-water gradient 
fluctuates daily in response to tidal influences; and, 

005\R£PCJA:TS\AMLF Uf11 ,RWP 7100 Second Avenue S.W. 
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• Ground-water flow velocities from the site toward the Duwamish is estimated to range between 0.02 
to 0.06 feet/day (7 to 22 feet/year). At this flow rate, groundwater near MW-6 could reach the 
Duwamish waterway within ten years. 

Contaminant Fate 

• Benzene concentrations may fluctuate due to apparent tidal influences; 

• The absence of detectable benzene in downgradient wells close to the Duwamish Waterway 
supports the low ground-water velocity evidenced; 

• Decreasing toluene and xylene concentrations during the monitoring period suggest that natural 
biodegradation, dispersion and/or adsorption processes are removing residual petroleum 
constituents from on-site groundwater; and, 

• We would expect that such attenuation mechanisms will further decrease residual petroleum 
concentrations in the future. 

Regulatory Concerns 

• MTCA Method A ground-water cleanup guidelines for benzene and diesel are currently exceeded. 
Diesel concentrations are relatively low compared to clean-up levels, however benzene 
concentrations are relatively high. 

• The Duwamish Waterway is the potential receptor (receiving water) of residual benzene and diesel 
contaminated groundwater migrating beneath the site. Ecologic risk resulting from ground-water 
discharge into the Duwamish is expected to be low due to the apparent attenuation processes. A 
baseline ecological risk assessment has not been performed. There does not appear to be an 
immediate risk either ecologically or to human health. 

Recommendations 

Based on our observations, we have developed the following recommendations: 

• Due to removal of sources and apparent attenuation of the residuum, site conditions are likely to 
improve; additional monitoring on a less frequent basis could provide evidence of on-going 
improvement, therefore we recommend monitoring for diesel and BTEX only in ground-water 
samples from site wells twice a year; 

• Since changes in land use could alter the ground-water conditions prior to natural reduction in 
petroleum residuum, an action plan is recommended. The action plan should include procedures 
to monitor and protect on-site workers from exposure to the residuum during removal of the paving, 
utility trenching, or other potential construction activities; 

• Monitoring data and reviews of conditions (at least annually) should be kept for review by Ecology 
and site managers. 

OOS\AEPOATS\Aik.f IN1 t .JMI' ii 7100 Second Avenue S.W. 
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1.0 INTRODUCfiON 

Presented in this report are quarterly ground-water sampling results and monitoring services for the 
period of February, 1991 to August, 1992 at Alaska Marine Lines (AML) facility at 7100 2nd Avenue S.W., 
Seattle, Washington (Figure 1). The purpose of this report is to present the results of the fourth quarterly 
ground-water sampling event, summarize the data from three previous quarterly ground-water sampling 
events, and present our findings relative to on-site hydrogeology. 

This report has been prepared for use by Alaska Marine Lines and review by the Washington State 

Department of Ecology. 

1.1 SITE LOCATION 

The AML site is a barge loading facility where cargo and refrigerated containers are transferred between 
barges and trucks. The site is roughly triangular in shape and is bounded on the northeast by the Duwamish 
Waterway, on the south by a slough and Northwest Cooperage, and on the west by off- and on-ramps for 
the First A venue Bridge. The site is relatively level and entirely paved. 

1.2 SITE BACKGROUND 

Three underground storage tanks (USTs) have been removed from the site since acquisition by AML. 
One tank was removed in 1984 at the time AML acquired the property, and two were removed in 1991. The 
removal of two tanks in 1991 was monitored by Dames & Moore and recorded in our report entitled Tank 

Closure Reporl, 7100 Second Avenue S. W., Seattle, Washington. To evaluate the nature and extent of 
petroleum constituents in the subsurface in the area of the USTs, Dames & Moore conducted a site 
assessment which is outlined in our report entitled Soil and Ground-water Assessment, 7100 Second Avenue 
Southwest, Seattle, Washington dated March 6, 1991. 

1.3 PROJECf OBJECfiVES AND APPROACH 

The objective of this report is to map the horizontal extent and concentration of residual petroleum 
hydrocarbons and constituents in site groundwater. Ground-water monitoring conducted since September 
1991 on a quarterly basis (and monitoring results collected from November and December 1990 during the 
initial phase of the project), has provided the data base to evaluate movement of residual petroleum in site 
groundwater. 

The scope of work completed for this report included the following tasks, and was based on findings 
from the previous site investigation and the requirements of the Washington Model Toxics Control Act 
(MTCA) and Department of Ecology (Ecology) for leaking USTs. 

• Collect ground-water samples from monitoring wells MW -1 through MW -7 and submit for chemical 
analysis on a quarterly basis for one year; 

• Collect ground-water elevations on a quarterly basis for one year; 

005\A(P(lATS\Mlf'IN7 t. RWP 1 7100 Second Avenue S.W. 
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• Perform permeability tests to determine on-site soil hydraulic conductivities; and, 

• Monitor ground-water elevations for a 24-hour period in all monitoring wells and at the Duwamish 
River to evaluate tidal influences on site ground-water flow. 

Permeability tests allowed Dames & Moore to estimate ground-water flow directions and rates, evaluate 
confining conditions, and estimate petroleum transport rates. This document presents a review of the 

compiled data for the fourth quarter and a summary of the monitoring year. 

The suspected source of ground-water contamination was leakage from removed gasoline and diesel 
underground storage tanks. Therefore, ground-water samples were analyzed for the presence ofTPH (diesel 
and gasoline) and the petroleum constituents: benzene, toluene, ethylbenzene, and xylene. 

2.0 METHODS OF FIELD ASSESSMENT 

2.1 WELL SAMPLING AND WATER QUALITY PARAMETERS 

Monitoring wells MW-1 through MW-7 were sampled on a quarterly basis for one year. All samples 
were collected using a disposable teflon bailer. Samples were collected after at least three casing volumes 
of water were purged from the well and pH, temperature, and specific conductivity measured in the field 
showed less than 10% variation on three replicate grab samples. All samples were placed in clean jars 
provided by the laboratory and analyzed for WTPH-D (diesel), WTPH-G (gasoline), and BTEX. 

Lower reported detection limits for TPH between the third and fourth quarterly samples and previous 
samples are a result of the analytical methods. Newly established Washington methods WTPH-G and 
WTPH-D were used for the analyses after January 1992. 

Field sampling parameters for the fourth quarterly sampling event are presented in Table 2 and all the 
analytical data obtained to date are summarized in Table 3. Quality assurance\quality control data for the 
fourth quarterly sampling event is presented in Table 4. 

During the fourth quarterly sampling event, values of pH ranged between 6.83 (MW-6) to 7.29 (MW-2 
and MW-7); temperature ranged between 15.3 °C (MW-4) to 21.2 °C (MW-5), and specific conductivity 
ranged between 1401 uS (MW-4) to 4200 uS (MW-6). Water quality in MW-6 displayed a consistently low 
pH and high specific conductivity compared with the other wells sampled. Variability of specific 
conductance, pH and temperature in wells may be due in part to brackish water from the Duwamish River 
migrating beneath the site during high tide, evidenced by MW-6, which is the closest well to the Duwamish. 

2.2 WATER LEVEL MONITORING 

Water levels were measured during each quarterly sampling event and over one 24-hour period. All 
water level measurements were completed prior to sampling and were collected within a 30 minute period 
to avoid tidal effects on water level. Water levels in each monitoring well were recorded using an electronic 
water level indicator. 
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All water level readings are measured relative to an on-site benchmark arbitrarily assigned an elevation 

of 100 feet and are not reported relative to sea level. 

2.3 PERMEABILITY TESTS 

Hydraulic conductivity tests were performed in selected on-site wells in August, 1992. Test results are 
given in Appendix C. The test measures the rate of water level recovery in a well with respect to time. The 

test is commonly referred to as a "slug test". 

The test data of water level versus time was analyzed using the Horslev (1951) method as presented in 
Groundwater, 1979, Freeze, RA. and !A. Cherry. Table 5.0 presents test results. 

3.0 RESULTS AND DISCUSSION 

3.1 GEOWGY 

Site soils are characterized as chiefly sand and silt (flU) mantling deltaic or river bank sediments. These 
soils are either hydraulic fill or river deposition. Detailed descriptions of the geologic environment have 
previously been presented in our report Soil and Ground-water Assessment. 7100 Second Avenue Southwest, 
Seattle, Washington dated March 6, 1991. 

3.2 GROUND-WATER LEVElS 

Water level measurements were collected in all on-site wells during each sampling round. In addition, 
water levels were measured over a 24-hour time period in August, 1992 to evaluate tidal influences on 
groundwater. Tide level changes in the Duwamish Waterway were measured from a pier extending off of 
AML property. Water levels were measured once per half hour. Test results are presented in Table 5 and 
graphical presentation of water level changes through time is shown on Figure 6. 

Tide level readings measured in the Duwamish from the pier extending off AML property into the 
waterway fluctuated between 81 feet to 91.5 feet. Corresponding changes in water levels measured were 
observed in all the on-site wells ranging from a low of 0.07 feet (MW-7) to a high of 0.64 feet (MW-5). 

Water level fluctuations in the Duwamish display a sinusoidal curve consisting of two peaks that 
correspond to two daily tidal cycles (Figure 6). Ground-water elevations display a similar sinusoidal curve, 
although ground-water fluctuations are delayed and the amplitude is greatly reduced. These results are 
consistent with the expected fluctuations based on tidal influence, with water level response to tidal fluxes 
depending on the distance from the Duwamish, the permeability of the sediments and the hydraulic 
connection between the sediments and the Duwamish. 

Also the 24-hour water level measurement results demonstrate that tidal influences affect water levels 
most significantly in wells adjacent to the waterway (e.g., MW-5 and MW-6) with decreasing effect on wells 
at greater distances from the ~urface water body. Ground-water flow in the portion of the site closest to 
the Duwamish is affected primarily by water level changes in the Duwamish caused by tidal fluctuations. 
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Water level in MW-7 shows very little, if any response to tidal flux, indicating that it is more isolated 
from the tidal affect, and had higher water levels than surrounding wells. This may result from a leaking 
storm sewer or water line and also may indicate a low permeability zone perching or impeding flow of 
groundwater in the vicinity of this well. There does not appear to be any rainfall recharge on site due to 
asphalt covering the ground. 

Quarterly water level results are presented in Table 1. In general, water levels peaked during mid-winter 
to mid-spring (January through April, 1992 readings) and displayed low water levels during late summer 
through late fall (August, 1992 and November, 1990 values) (Table 1). Minimum and maximum ground
water level fluctuations ranged between 0.26 feet in MW-5 and 1.88 feet in MW-6. 

Ground-water contour maps for each quarterly sampling period are presented in Figures 2 through 5. 
In addition, ground-water contour maps displaying ground-water level and flow direction at 4-hour intervals 
measured during the 24-hour tidal investigation are shown in Figures 7 through 13. 

3.3 GROUND-WATER FLOW DIRECfiON 

In general, ground-water flow direction from beneath the site is northeasterly and southerly (directly 
northeast to the Duwamish or to a slip just south of the site) as indicated on Figure 2. The groundwater 
flux indicates a dynamic and spatially variable condition, resulting from regional recharge and topographic 
conditions, and locally due to tidal flux in the Duwamish. All the wells show mean water levels above the 
mean high tide leve~ indicating a net flow towards the Duwamish. 

Groundwater levels in wells on the southern portion of the site are lower than levels on the north, 
indicating that groundwater flows southerly towards the slip on the south boundary of the site, and that 
groundwater on the north side of the site discharges directly into the Duwamish. Well MW-7 appears to 
be located near a groundwater divide beneath the site where ground-water movement northwest of MW -7 
flows toward the Duwamish and movement south of MW-7 occurs toward the slip (Figures 3, 4, and 5). 

On a daily basis, ground-water flow direction is reversed near the Duwamish in response to high tides. 
Water levels in the Duwamish and in wells closest to the Duwamish (MW-5) exhibited higher water 
elevations compared to wells further inland during each high tide period. 

3.4 GROUND-WATER VEWCITY 

The ground-water velocity in unconsolidated sediments is controlled by the hydraulic conductivity, 
porosity, and the hydraulic gradient within the aquifer. The average hydraulic gradient measured at the site 
is 0.018 to 0.047 foot per foot. Based on the permeability test results presented in Table 5.0, the average 
hydraulic conductivity is estimated to be 0.46 feet per day. Assuming an effective porosity of 0.35 for fine 
sand, the average velocity of a particle within the aquifer is estimated to be 0.02 to 0.06 feet per day. 

At this velocity it would take 3.3 to 8.7 years for a molecule of water to travel horizontally from MW-6 
to the Duwamish Waterway. Since the water bearing material fines downward the vertical hydraulic 
conductivity is expected to be lower than the horizontal. 
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TABLE 5.0 

ESTIMATED HYDRAULIC CONDUCTM1Y 

MONITORING WELL 

MW-1 

MW-4 

MW-5 

MW-6 

HYDRAULIC CONDUCTIVITY 

ESTIMATE (FEET fDA Y) 

0.13 

1.20 

0.10 

0.43 

3.5 MIGRATION RATE AND DIRECTION OF CONTAMINANTS 

As previously indicated, ground-water flow direction from beneath the site is generally to the northeast 

and south towards the Duwamish Waterway (directly northeast to the Duwamish or to a slip just south of 

the site). Net flow of groundwater appears to be towards the Duwamish Waterway based on water level 

measurements. Average water level in the Duwamish is lower than average water levels in on-site ground

water monitoring wells indicating net flow towards the surface water body. 

The ground-water migration rate from beneath the site to the Duwamish has been estimated to be on 

the order of 0.02 to 0.06 feet/day (7 to 22 feet/year). This estimate is based on an average hydraulic head 

between MW-7 and the Duwamish. The gradient fluctuates daily in response to tidal influences. At this 

flow rate, contaminated groundwater near MW-6 could reach the Duwamish waterway within ten years. 

Although contaminants will travel in the direction of ground-water flow, contaminant flow velocities do 

not necessarily match these values due to retardation and other attenuation factors. Contaminant flow 

velocities are dependant on chemical properties of the contaminant, soil type, and other soil parameters. 

Attenuation mechanisms which primarily affect contaminant flow are natural biodegradation and adsorption. 

The migration of the contaminants appears to be slow, and contaminant concentrations during sampling 

are erratic depending on the tidal flux. Dispersion of the contaminants would likely be a mechanism of 

plume migration in these conditions, resulting in a general spreading out of the petroleum constituents 

towards the slip or directly towards the Duwamish. Because the source is removed (former USTs), we 

would expect concentrations to decrease over time, although due to the dynamic conditions, concentrations 
in a particular well may fluctuate. 
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3.6 ANALYTICAL RESULTS 

3.6.1 Total Petroleum Hydrocarbon (TPH) Concentrations 

Fourth quarter analytical results showed TPH ranging from 0.28 to 1.1 mg/L (diesel) and 0.22 to 
0.31 mg/L (gasoline). Neither gasoline nor diesel concentrations exceeded MTCA Method A cleanup 
guidelines during the fourth quarter except one sample (MW-6) which had a concentration of diesel 
(1.1 mg/L) slightly elevated above the state MTCA Method A ground-water guideline for diesel of 1 mg/L. 

Similar to third quarterly analytical results, however, the analytical laboratory indicates that detected 
TPH during the fourth quarter (August 1992) appears to be neither diesel or gasoline, but may indicate the 
presence of a heavier petroleum such as motor oil, or a residual hydrocarbon component of diesel. 

Over the sampling period detectable quantities of diesel were found in MW-2, MW-3, MW-5, MW-6, 
and MW-7. Also during the sampling period, detectable concentrations of gasoline were found in MW-2, 
MW-3, and MW-4. Concentrations of TPH as diesel and gasoline were below MTCA Method A cleanup 
guidelines (1 mg/L) during the four quarters except the exceedence listed above and two exceedences 
(diesel) in MW-6 (4.2 mg/1) and MW-7 (6.6 mg/1) detected during the third quarter (April1992). All other 
results were either below the detection limits for TPH or below the regulatory guidelines established for 
TPH in groundwater. 

Detected concentrations were consistently lower during the fourth quarterly sampling event compared 
to the third quarterly results. Sampling rounds previous to the third quarter all showed non-detectable 
levels. The change in analytical methods used for the third and fourth quarters may have impacted the non
detect levels measured previously. The reduction in concentration ofTPH in groundwater between the third 
and fourth quarters suggests that natural biodegradation and adsorption processes are removing TPH (diesel 
and gasoline) from groundwater. 

Laboratory provided detection limits using analytical EPA method 8015 (used during first and second 
quarter analyses) were 2.0 mg/L for TPH. Washington State method WTPH-D and WTPH-G (used during 
third and fourth quarter) provides detection limits of 0.25 mg/L. Any concentration over that detection limit 
would be detectable. 

3.6.2 Benzene Concentrations 

Benzene has been detected in MW-2, MW-3, and MW-4 above regulatory limits over the entire four 
quarters. Average concentration for benzene over the four quarters and previous samples in affected wells 
is as follows: MW-2 (89 ug/L); MW-3 (616 ug/L); and, MW-4 (2950 ug/L). These average concentrations 
are above MTCA Method A ground-water cleanup guideline for benzene (5 ug/L). 

The fourth quarter sample (August 1992) for benzene indicated an increase relative to third quarterly 
results (April1992) in monitoring wells MW-2 (94 ug/L), MW-3 (910 ug/L), and MW-4 (3,400 ug/L). 

Benzene concentrations are above regulatory limits in three wells (MW-2, MW-3, and MW-4) located 
near the former UST site. Benzene has not been present in wells located downgradient and toward the 
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Duwamish Waterway (MW-5 and MW-6), and has not been detected in MW-1 which is upgradient of the 
other wells on site. Levels of benzene have been detected in MW-7located downgradient of MW-4, MW-3, 
and MW-2, but are below MTCA guidelines. 

These results indicate that while benzene is present in concentrations above regulatory limits near the 
former UST location, the concentration of benzene is not increasing nor is benzene rapidly mobilizing from 
close proximity to the former UST location. This is further evidenced by the lack of benzene in 
downgradient wells close to the Duwamish Waterway indicating that benzene apparently is not migrating at 
a rapid rate. 

Benzene concentrations probably fluctuate due to tidal influences (within the same order of magnitude) 
over the quarterly sampling period. Additionally, benzene has a relatively high solubility compared to other 
gasoline constituents, which may account for its relatively high concentration in groundwater. 

3.6.3 Other Gasoline Constituent Concentrations 

During the fourth quarterly sampling event (August 1992) toluene, ethylbenzene, and xylene were 
detected in MW-3, MW-4, and MW-7. Concentrations during the fourth quarter ranged between 3.2 to 
22 ug/L for toluene, ethylbenzene 4.6 to 9.4 ug/L, and xylene 15 to 19 ug/L. Concentrations during the 
fourth quarter were below the MTCA Method A cleanup guidelines for toluene ( 40 ug/L), ethylbenzene 
(30 ug/L), and xylene (20 ug/L). 

Toluene, ethylbenzene and xylene were not detected above the detectable limit in wells MW-1, MW-2, 
MW-5 and MW-6 during the sampling period November 1990 to August 1992. 

Low levels of toluene, ethylbenzene and xylene were detected in wells MW-3, MW-4, and MW-7 
(toluene only) in samples collected prior to the fourth quarter. Two compounds, toluene and xylene were 
detected at concentrations above the MTCA Method A cleanup level of 40 and 20 ug/L, respectively during 
September 1991 in MW -7 (79 ug/L of toluene); December 1990 and September 1991 in MW-3 ( 48.4 ug/L 

and 25 ug/L of xylene); and, during December 1990 in MW-4 (63 ug/L of xylene). Subsequent 
concentrations of toluene and xylene in MW-3 and MW-7 dropped to levels below MTCA Method A 
cleanup guidelines. 

During the fmal three sampling events, analytical results remained below MTCA cleanup guidelines for 
toluene, ethylbenzene and xylene. Toluene and xylene concentrations decreased over the monitoring period 
to levels below regulatory guidelines for that compound in groundwater. The low concentrations and 
reduction in concentrations indicate that natural attenuation processes are acting to reduce hydrocarbon 
levels in groundwater at the site. 

4.0 POTENTIAL RISKS TO ENVIRONMENTAL AND HUMAN HEALTH 

The potential for elevated levels of TPH and benzene at the site to affect environmental and human 
health is influenced by two factors; (1) the potential for migration oLsite groundwater with elevated TPH 
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and benzene levels into the Duwamish Waterway, and (2) potential public use of ground-water in the site 

vicinity. 

Based on available geologic and ground-water literature, groundwater in the site vicinity is not used for 
drinking water purposes. The majority of wells drilled in the river valley generally tapped into small isolated 

pockets of sand and gravel and were subsequently abandoned due to insufficient yield or poor water quality 
(high salinity) (Liesch et al. 1963; Richardson et al. 1968; Santos and Stoner 1972). Potable water for the 
public is provided by the City of Seattle system which draws surface water from reservoirs situated in the 

Cascade Mountains. 

Land use in the site vicinity is industrial and the site is entirely paved. Based on these conditions and 

the relatively low levels of hydrocarbons detected in site groundwater, the human risk attributed to the 

presence of TPH and benzene in the groundwater is low. 

Brackish or salt water often occurs as a wedge beneath fresh surface water in the Duwamish River. 
Therefore federal water quality standards for the protection of aquatic species are applicable. The marine 
water chronic value for benzene is 700 ug/L, which is exceeded in samples from MW-3 and MW-4 (910 and 

3,400 ug/L, respectively) during the fourth quarter and during previous sampling events. In comparison, the 
freshwater acute criteria for benzene of 5,300 ug/L is not exceeded by any analytical result. Based on these 
comparisons, there is a potential for chronic effects to occur due to the exceedence of the marine chronic 

value for benzene. 

5.0 REGULATORY CONCERNS 

The quarterly ground-water monitoring effort was undertaking as an independent action in support of 
earlier removal of USTs and site assessment. The objective was to map the occurrence and extent of 
residual petroleum hydrocarbons and constituents in groundwater at the site, and to evaluate the potential 
rate and direction of migration of the contaminants. This action was conducted in accordance with MTCA 

cleanup regulation which provides clean-up standards (Method A) for petroleum constituents in groundwater. 
The following conclusions address regulatory dean-up guidelines and exposure risks associated with 
hazardous substances in groundwater: 

• MTCA Method A cleanup levels are exceeded for benzene and diesel for groundwater beneath the 
site. Concentrations of xylene and toluene have decreased to concentrations below Method A clean

up guidelines in groundwater since the beginning of the monitoring program, indicating natural 
processes are acting to attenuate hydrocarbon constituents in groundwater on site. 

• Since the sources of residual petroleum components is removed and the site is covered by hard 
surfaces, the Duwamish Waterway is the only potential receptor (receiving water) for residual 
benzene and residual diesel contamination of groundwater. The ecological risk resulting from 

ground-water discharge into the Duwamish is unknown, however low ground-water flow velocities, 
absence of a source, and potential dispersion, biodegradation and volatilization are all factors which 

can attenuate the hydrocarbon contaminants asJt drains toward the Duwamish. 
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• Risk to ecological health could occur resulting from ground-water discharge into the Duwamish, 

however there does not appear to be an immediate risk to ecology or human health due to the 
contaminated groundwater beneath the site. 

6.0 SUMMARY AND RECOMMENDATIONS 

Summary 

A summary of fmdings are listed below: 

• Diesel and gasoline were detected in groundwater, with associated benzene, toluene, ethylbenzene 
and xylene; diesel and benzene levels were above MTCA Method A cleanup guidelines; 

• The contamination source appears to be from diesel and gasoline tanks, which have been removed; 

• Benzene and other soluble compounds have dissolved in the groundwater, accounting for their high 
concentrations; benzene has the highest solubility relative to toluene, xylene, and ethylbenzene which 
accounts for the high concentration of this compound; 

• Potential migration pathway is groundwater flow; 

• Flow direction across the site is affected by tides in the Duwamish Waterway; 

• Ground-water occurrence seems to indicate the presence of a ground-water divide located midway 
across the site near MW-7. Ground-water contour maps indicate flow direction south of MW-7 
flows toward the slip and flow direction north of MW-7 fluctuates toward or away from the 
Duwamish depending upon tidal level; 

• Net flow of groundwater is towards the Duwamish Waterway; and, 

• Migration of contaminants appears to be slow and contaminant concentrations fluctuate considerably 
during the monitoring period. 

Recommendations 

Under current conditions, no immediate risk to ecology or human health appears to exist due to the 
contaminated groundwater beneath the site. However, we recognize that a potential risk m,ay occur if the 
residual benzene and diesel discharges into the Duwamish at present concentrations. We also recognize that 
natural attenuation processes may be occurring which could act to reduce residual benzene and diesel in the 
groundwater prior to reaching the Duwamish. Based on these observations, we have developed the following 
recommendations: 

• Monitor for diesel and BTEX only in ground-water samples from site wells twice a year; 
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• Since changes in land use could alter the ground-water conditions prior to natural reduction in 

petroleum residuum, an action plan is recommended. The action plan should include procedures 
to monitor and protect on-site workers from exposure to the residuum during removal of the paving, 

utility trenching, or other potential construction activities; 

• Monitoring data and condition reviews (at least annually) should be kept for review by Ecology and 
site managers. 
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WELL 
NO. 

MW-1 

MW-2 

MW-3 

MW-4 

MW-5 

MW-6 

MW-7 

PIER 

N/A 
1 

2 

---- -

November 1, 1990 January 15, 1991 

87.87 88.70 

88.18 89.08 

87.89 88.75 

88.45 89.31 

N/A 89.57 

N/A 89.66 

N/A 90.50 

N/A 87.94 

Not Analyzed 
Well covered with asphalt on 9/5/91 

TABLE 1 
SUMMARY OF WATER LEVEL DATA 
NOVEMBER 1990 TO AUGUST 1992 

7100 Second Avenue 
Alaska Marine Lines 

WATER LEVEL ELEVATION 2 

January 25, 1991 September 5, 1991 

88.31 88.23 

88.40 88.26 

88.43 88.29 

89.22 89.09 

89.11 N/A 1 

89.05 N/A 1 

90.48 90.31 

89.25 N/A 

January 10, 1992 Aprll 8, 1992 August 14, 1992 

88.73 88.74 88.07 

88.82 88.82 88.24 

87.81 88.81 88.23 

88.92 89.42 88.97 
• 

89.48 89.32 88.85 

90.93 89.63 89.18 

90.42 90.48 90.20 

90.77 89.57 90.92 

Water elevations are relative to the site bench mark, which is the yellow-painted obstruction post located west of the voltage transformer on the south 
side of the site. The site bench mark is assigned an arbitrary elevation of 100.00 feet. 
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WELL DATE TIME 
NO. 

MW-1 8/16/92 16:35 

MW-2 8/16/92 11:05 

MW-3 8/16/92 14:10 

MW-4 8/16/92 15:30 

MW-5 8/16/92 09:50 

MW-6 8/16/92 12:20 

MW-7 8/16/92 10:10 

OOOS\ .. ISC\ML4Q. ftL 

pH 

TABLE 2 
GROUND WATER FIELD SAMPLING PARAMETERS 

FOURTH QUARTERLY SAMPLING EVENT 
7100 2nd Avenue 

Alaska Marine Lines 

T sc Well Vol Purge Vol Method 
(-log H~ ("C) (pS) (gal) (gal) 

7.05 16.5 2310 4.8 8 BK Pump 

7.29 16.8 1412 4.9 15 BK Pump 

7.12 16.6 1737 5 15 BK Pump 

7.00 15.3 1401 5.6 8 BK Pump 

7.70 21.2 3103 1.6 2 BK Pump 

6.83 17.7 4200 1.4 6 BK Pump 

7.29 18.1 1574 1.6 6 BK Pump 

Remarks 

poor recovery of water in well 

black, turbid 

yellow, clear 

black, turbid, poor recovery of 
water in well 

black, turbid, poor recovery of 
water in well 

black 

black, turbid, foam on surface 
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WELL NO. DATE 

MW1 11/1/90 
12/18/90 
9/5/91 
1/10/92 
4/9/92 
8/16/92 

MW2 11/1/90 
12/18/90 
9/5/91 
1/10/92 
4/9/92 

8/16/92 

MW3 11/1/90 
12/18/90 
9/5/91 
1/10/92 
4/9/92 
8/16/92 

MW4 11/1/90 
12/18/90 
9/5/91 
1/10/92 
4/9/92 
8/16/92 

005\M ISC\ML31Q. T8t. 

TABLE3 
SUMMARY OF GROUND-WATER ANALYTICAL DATA 

7100 2nd Avenue 
Alaska Marine Lines 

Analysis 

TPH TPH-D1 TPH-G2 Benzene Toluene 
ppm ppm ppm ppb ppb 

0.59 NA NA <1.0 <1.0 
NA NA NA NA 

<10.0 NA NA <1.0 <1.0 
<2.0 NA NA <1.0 <1.0 
NA <0.25 <0.25 <1.0 <1.0 
NA <0.25 <0.25 <1.0 <1.0 

0.56 NA NA <1.0 <1.0 
NA NA NA NA NA 
NA NA NA 88 <1.0 
<2.0 NA NA 110 <1.0 
NA 0.58 0.1411 65 <1.0 
NA <0.25 <0.25 94 <1.0 

0.33 NA NA <1.0 <1.0 
NA NA NA 420 3.5 

<10.0 NA NA 630* 3.2 
<2.0 NA NA 500* 3.8 
NA <0.25 0.721 620* 3 
NA 0.301 0.311 910* 3.2 

0.27 NA NA 4200 8.3 
NA NA NA 3600 <50 

<10.0 NA NA 2000 12 
<2.0 NA NA 2700* 11 
NA <0.25 0.1511 1800* 6.2 
NA <0.25 0.2211 3400* 12 

Ethyl benzene Xylenes 
ppb ppb 

<1.0 <1.0 
NA NA 
<1.0 <2.0 
<1.0 <2.0 
<1.0 <2.0 
<1.0 <2.0 

<1.0 <1.0 
NA NA 
<1.0 <2.0 
<1.0 <2.0 
<1.0 <2.0 
<1.0 <2.0 

1.1 5.3 
13 48.4 
16 25 
14 17 
9.1 18 
9.4 15 

2.1 4.2 
<50 63 
<1.0 19 
4.1 17 

<1.0 5.7 
4.6 19 
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WELL NO. 

MW5 

MW6 

MW7 

MTCA2 

1 

2 

J 
< 
NA 
• 

ppm 
ppb 

DATE 

11/1/90 
12/18/90 
9/5/91 
1/10/Cfl 
4/9/Cfl 
8/16/Cfl 

11/1/90 
12/18/90 
9/5/91 
1/10/Cfl 
4/9/Cfl 

8/16/Cfl 

11/1/90 
12/18/90 
9/5/91 
1/10/Cfl 
4/9/Cfl 

8/16/Cfl 

TABLE3 
SUMMARY OF GROUND-WATER ANALYTICAL DATA 

(Cont.) 

Analysis 

TPH TPH-D1 TPH-G2 Benzene Toluene 
ppm ppm ppm ppb ppb 

NA NA NA NA NA 
NA NA NA <5.0 <5.0 
NA NA NA NA NA 
<2.0 NA NA <1.0 <1.0 
NA <0.25 <0.25 <1.0 <1.0 
NA 0.281 <0.25 <1.0 <1.0 

NA NA NA NA NA 
NA NA NA <5.0 <5.0 
NA NA NA NA NA 
<2.0 NA NA <1.0 <1.0 
NA 4.21 <0.25 <1.0 <1.0 
NA 1.11 <0.25 <1.0 <1.0 

NA NA NA NA NA 
NA NA NA <5.0 <5.0 

<10.0 NA NA 3.4 79 
<2.0 NA NA 1.7 4.2 
NA 6.61 <0.25 1.6 <1.0 
NA 0.731 <0.25 1.1 22 

1 1 1 5 40 

Ethyl benzene Xylenes 
ppb ppb 

NA NA 
<5.0 <5.0 
NA NA 
<1.0 <2.0 
<1.0 <2.0 
<1.0 <2.0 

NA NA 
<5.0 <5.0 
NA NA 
<1.0 <2.0 
<1.0 <2.0 
<1.0 <2.0 

NA NA 
<5.0 <5.0 
<1.0 <2.0 
<1.0 <2.0 
<1.0 <2.0 
<1.0 <2.0 

30 20 

In the opinion of the laboratory analyst, there was no chromatographic pattern match for diesel or gasoline. 
MTCA - The Model Toxics Control Act Cleanup Regulation, effective February 28, 1991. 
Indicates an estimated value when result is less than specified detection limit. 
This parameter was not detected at a concentration above the detection level indicated in the table. 
Not Analyzed 
Indicates the initial analysis of the sample was above the linear range of the analytical instrument. The value 
shown is the concentration obtained following the required dilution. 
parts per million 
parts per billion 

Numbers in bold indicate a concentration at or above the MTCA cleanup levels. 
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TABLE4 
SUMMARY OF GROUND-WATER QA/QC ANALYTICAL DATA 

FOURTH QUARTERLY SAMPLING EVENT 

SAMPLING 
DATE 

8/16/92 

SAMPLING 
DATE 

8/16/92 

Not applicable. 
parts per million 
parts per billion 

7100 Second Avenue 
Alaska Marine Unes 

WELL ANALYSIS 
NO. 

MW-2 TPH ·Diesel 

WELL ANALYSIS 
NO. 

N/A Benzene 
Toluene 

Ethylbenzene 
Xylenes 

WI'PH • Gasoline 

SAMPLE 
VALUES 

<0.25 ppm 

SAMPLE 
VALUES 

<1.0 ppb 
<1.0 ppb 
<1.0 ppb 
<2.0 ppb 

<0.25 ppm 

DUPLICATE 
VALUES 

<0.25 ppm 

DUPLICATE 
VALUES 

N/A 
N/A 
N/A 
N/A 
N/A 

This parameter was not detected at a concentration above the detection level indicated in the table. 
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I TableS 

24-hour Period Water Level Elevations 
Alaska Marine Unes 

I 7100 2nd Avenue 
Seattle, Washington 

I Date Time StaHon 

MW-1 MW-2 MW-3 MW-4 MW·S MW-6 MW-7 Pier 

I 14-Aug-92 21:30 88.14 88.31 88.27 88.97 89.00 89.18 89.21 88.92 
22:00 88.15 88.33 88.27 88.96 88.98 89.14 89.19 87.92 
22:30 88.17 88.34 88.28 88.96 88.95 89.10 89.17 87.14 
23:00 88.17 88.35 88.28 88.96 88.93 89.05 89.15 86.18 

I 23:30 88.18 88.36 88.29 88.98 88.91 89.02 89.17 85.45 

15-Aug-92 0:00 88.19 88.35 88.30 88.96 88.89 88.99 89.16 85.04 
0:30 88.19 88.35 88.29 88.96 88.87 88.96 89.17 84.72 

I 
1:00 88.19 88.34 88.29 88.96 88,85 88.95 89.17 84.68 
1:30 88.19 88.33 88.28 88.96 88.83 88.91 89.15 84.85 
2:00 88.19 88.33 88.28 88.96 88.82 88.91 89.15 85.29 
2:30 88.18 88.32 88.28 88.96 88.81 88.91 89.15 85.86 

I 
3:00 88.17 88.31 88.27 88.97 88.80 88.90 89.16 86.52 
3:30 88.16 88.29 88.26 88.97 88.79 88.90 89.17 87.19 
4:00 88.16 88.29 88.26 88.97 88.79 88.91 89.17 87.97 
4:30 88.15 88.28 88.26 88.97 88.80 88.92 89.17 88.84 

I 5:00 88.14 88.27 88.26 88.98 88.81 88.94 89.16 89.42 
5:30 88.14 88.27 88.26 88.98 88.83 88.96 89.17 89.82 
6:00 88.14 88.27 88.26 88.97 88.84 88.97 89.17 90.07 
6:30 NA NA NA NA NA NA NA NA 

I 7:00 88.14 88.27 88.26 88.97 88.87 89.01 89.17 89.86 
7:30 88.14 88.28 88.27 88.96 88.86 89.00 89.17 89.37 
8:00 88.15 88.28 88.27 88.96 88.86 88.99 89.17 88.77 
8:30 88.16 88.29 88.28 88.96 88.86 88.97 89.17 88.07 

I 9:00 88.17 88.30 88.28 88.95 88.86 88.95 89.17 86.97 
9:30 88.17 88.30 88.29 88.94 88.84 88.92 89.16 85.91 
10:00 88.17 88.30 88.28 88.94 88.82 88.88 89.14 84.62 
10:30 88.17 88.30 88.28 88.93 88.79 88.84 89.14 83.52 

I 11:00 88.17 88.30 88.27 88.93 88.76 88.81 89.14 82.57 
11:30 88.17 88.30 88.27 88.93 88.73 88.79 89.14 81.37 
12:00 88.16 88.29 88.26 88.94 88.71 88.78 89.15 80.97 

I 
12:30 88.14 88.27 88.25 88.93 88.68 88.76 89.14 80.92 
13:00 88.13 88.27 88.24 88.94 88.66 88.76 89.15 80.97 
13:30 88.12 88.25 88.23 88.95 88.65 88.76 89.15 81.52 
14:00 88.10 88.24 88.21 88.96 88.64 88.77 89.16 82.22 

I 
14:30 88.10 88.24 88.21 88.97 88.64 88.77 89.16 83.04 
15:00 88.09 88.22 88.21 88.97 88.65 88.79 89.17 84.22 
15:30 88.D7 88.21 88.20 88.99 88.68 88.81 89.17 85.27 
16:00 88.06 88.21 88.20 89.01 88.69 88.84 89.17 86.42 

I 
16:30 88.06 88.21 88.20 89.02 88.72 88.87 89.18 87.67 
17:00 88.06 88.20 88.20 89.02 88.72 88.89 89.19 88.87 
17:30 88.06 88.20 88.21 89.03 88.76 88.93 89.19 89.87 
18:00 88.06 88.20 88.22 89.04 88.80 88.97 89.20 90.64 

I 18:30 88.06 88.20 88.23 89.04 88.84 89.01 89.20 91.20 
19:00 88.D7 88.23 88.24 89.04 88.87 89.05 89.20 91.42 
19:30 88.08 88.24 88.26 89.04 88.90 89.12 89.21 91.37 
20:00 88.10 88.25 88.26 89.03 88.93 89.15 89.21 91.15 

I 20:30 88.13 88.27 88.26 89.02 88.9.4 89.17 89.21 90.72 
21:00 88.13 88.28 88.27 89.02 88.96 89.19 89.20 90.18 

Notes: 

I Water elevations ore relative to site bench mark. Site bench mark is assigned on arbitrary elevation of 100.00 feet. 

I f:\jobs\oml\ TABLE5.XLS(tdo) Job No. 21048-006-005 Domes & Moore 
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$ MW·1 Monitoring Well Number and Location 

DS 'Y Duwamlsh Reference Station Location 

W Site Bench Mark Location (assumed elevation .. 100 faet) 

[_!=j"] Former UST Location and Number 

(90.18)Ground·Water Elevation Measured In Feet 
on August 15, 1992 Reletive to Site Bench Mark 

-90,0 Estimated Ground-Water Contour, Contour Interval Is One Foot 
(dashed where uncertain) 

__.,.. Estimated Ground-Water Aow Direction 

All locations are approximate. 

.,------. ' . • T·3 • 1.,...,. ___ .... 
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I 88.2 Figure 13 
. S Parking Break Room Groun~Water Contour Map 

§. August 15, 1992 at 21:00 Hours l j 71 00 2nd Avenue 
~ o 2S 50 Alaska Marine Lines 

1 • Seattle, WA 
l ~ Scala In Faet Dames & Moore ,~L_ ________________________________________________ _ 
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APPENDIX A 
GROUND-WATER SAMPLING DATA FOR FIRST, SECOND, 

AND THIRD QUARTERLY SAMPLING EVENTS 

7100 Second Avenue S.W. 



-------------------

WELL NO. DATE TIME 

MWl 4/09/92 08:38 

MW2 4/09/92 08:47 

MW3 4/09/92 08:30 

MW4 4/09/92 10:22 

MW5 4/09/92 10:10 

MW6 4/09/92 09:05 

MW7 4/09/92 09:25 

rm~V'd\C\1\~l J•1: "'L 

pH 

TABLE 1 
GROUND-WATER SAMPLING DATA 

THIRD QUARTERLY SAMPLING EVENT 
7100 2nd Avenue 

Alaska Marine Lines 

T sc Well Vol Purge Vol 
(-log H~ ("C) ( !15) (mV) (gal) 

7.35 13.3 -23.6 5.8 18 

7.38 13.4 -24.8 6.4 18 

7.93 13.2 -52.3 6.5 18 

7.75 12.0 -42.5 1.5 18 

8.02 11.7 -59.0 1.7 5 

7.32 12.8 -19.6 1.5 5 

7.55 11.4 -30.3 2.0 5 

Method Remarks 

BK Pump slight hydrocarbon 
odor; H .{5 odor 

BK Pump strong H .{5 odor 

BK Pump strong hydrocarbon 
odor; H .{5 odor 

BK Pump distinct hydrocarbon 
odor 

BK Pump Poor recovery of 
water in well; H .{5 
odor 

BK Pump Poor recovery of 
water in well; no 
odor 

BK Pump Poor recovery of 
I 

water in well; no 
odor 



WELL NO. DATE TIME 

MWl 1/10/92 08:30 

MW2 1/10/92 08:15 

MW3 I /10/92 08:50 

' MW4 1/10/92 09:00 

MW5 1/10/92 11:00 

MW6 l/10/92 10:05 

MW7 1/10/92 09:30 

005\HISC\MUQ. Tllol,, 

pH 

-:t, 
~ 

TABLE 1 
GROUND-WATER SAMPLING DATA 

SECOND QUARTERLY SAMPLING EVENT 
7100 2nd Avenue 

Alaska Marine Lines 

T sc Well Vol Purge Vol 
(-log H) ("C) ( JJS) (gal) (gal) 

7.10 51.7 2920 5.3 15 

6.76 56.2 1603 5.3 15 

6.83 51.7 1925 4.8 15 

6.84 51.5 1598 5.9 12 

7.07 51.6 1890 6.4 5 

6.70 54.1 4880 7.2 13 

6.73 52.5 1633 6.5 12 

--·····-----··-············--

Method Remarks 

BK Pump yellowish brown 
color 

BK Pump sulfur odor 

BK Pump strong hydrocarbon 
odor 

BK Pump strong hydrocarbon 
odor, grey color 

BK Pump very silty, black 
color, no odor 

BK Pump sulfur odor, black 
color, very silty 

BK Pump lots of mud in well J 



_; _________________ _ 

WELL NO. DATE TIME pH 
{-log H) 

MWI 9/5/91 16:00 7.97 

MW2 9/5/91 11:50 7.49 

MW3 9/5/91 15:05 7.94 

MW4 9/5/91 13:47 7.51 

MW5 9/5/91 -- --
MW6 9/5/91 -- --
MW7 9/5/91 16:47 7.30 

005\HlSC\l YNOEN. TBl 

TABLE 1 
GROUND-WATER SAMPLING DATA 

7100 2nd Avenue 
Alaska Marine Lines 

T sc Well Vol 
("C) ( ...S) (gal) 

17.9 3090 5.1 

17.5 1591 5.1 

17.7 2070 5.2 

17.2 1647 6.0 

-- -- --
-- -- --

18.0 1152 1.6 

Purge Vol Method Remarks 
(gal) 

15.5 bail yellow, brown color 
to H,P 

18 bail not noted 

18 bail yellow, very silty 

18 bail strong hydrocarbon 
odor, slightly silty 

-- -- not sampled 

-- -- not sampled 

5 bail sludge laden H,P 
fills space between 
monument and top 
of casing 
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APPENDIX B 
ANALYfiCAL LABORATORY REPORTS 

7100 Second Avenue S.W. 
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19 September 1991 

Sue Kent 
Dames & Moore 
500 Market Place Tower 
2025 Rrst Avenue 
Seattle, WA 98121 

RE: Client Project: 21048 006 5052 005; 
ARI Job #8994 

Dear Sue: 

DAMES & MOORE 
SEATTLE 

SEP 2 0 1991 

Please find enclosed the results for the above referenced project. 

If you have any questions or require additional information, please 
feel free to call any time. 

Sincerely, 

ANALYTICAL RESOURCES, INC. 

Kate Stegemoeller 
Project Coordinator 

KAS/kp 

Enclosures 

cc: ARI file #8994 

ANALYTlCAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists& 
Consultants 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206) 621·6490 
(206) 621-7523 (FAX) 
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I ORGANICS ANALYSIS DATA SHEET • Method 602/8020 

BETX by GC·PID 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists& 
Consultants 

I Matrix: Water 
Level: Low 

I Data Release Authorized:OA.tn& M:_ 
Report prepared: 9/18/97 - MAC:K kas 

QC Report No: 8994-Dames & Moore 
Project No: 21048 006 5052 005 

Date Received: 9/5/91 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Method MW1· 
Sample No. Blank 90591 

ARIID 0909MB 8994A 
Date Analyzed ry::; f(:fi /91 (:fif(:fi/91 
Amt Analyzed S.Omls S.Omls 

CAS Number UnHs JJ.Q/l J.lQ/l 
71-43-2 Benzene 1.0 u l.OU 
108-88-3 Toluene 1.0 u 1.0 u 
lOQ-41-4 Ethylbenzene 1.0 u l.OU 
133Q-2Q-7 Total Xylenes 2.0U 2.0U 

Surrogate Recoveries 
Trlfluorotoluene 97.6% 98.9% 
Bromobenzene 98.0% 102% 

MW4· MW7-
Sample No. 90591 90591 

ARIID 8994D 8994E 
Date Analyzed (:fi/09/91 (:fif(:fi/91 
Amt Analyzed S.Omls S.Omls 

CAS Number Units J.lQ/l J.lQ/l 
71-43-2 Benzene 560X 3A 
108-88-3 Toluene 12 79 
10Q-41-4 Ethyl benzene 1.0 u l.OU 
133Q-20-7 Total Xylenes 19 2.0U 

Surrogate Recoveries 
Trifluorotoluene 76.9% 92.6% 
Bromobenzene 91.8% 94.8% 

Data Reporting Qualifiers 

Value If the result is a value greater than or equal B 
to the detection limit. report the value. 

u Indicates compound was analyzed for but 
not detected at the given detection limit. J 

MW1· MW2· MW3-
90591 90591 90591 

8994Adup 89946 8994C 
(:fif(:fi/91 09/(:fi/91 (:fif(:fi/91 
S.Omls S.Omls S.Omls 
J.lQ/l J.1Q/l J.lQ/l 
1.0 u 88 310X 
LOU 1.0 u 3.2 
l.OU 1.0 u 16 
2.0 u 2.0U 25 

94.6% 94.9% 93.8% 
96.7% 94.7% 100% 

Trip 
Blank 
8994F 

rnt10/91 
S.Omls 

J.1Q/l 
l.OU 
1.0 u 
1.0 u 
2.0U 

87.0% 
89.0% 

This flag is used when the analyte is found 
in the blank as well as a sample. Indicates 
possible/probable blank contamination. 

Indicates an estimated value when result 
is less than specified detection limit. 
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ORGANICS ANALYSIS DATA SHEET - Method 602/8020 
BETX by GC-PIO 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists& 
Consultants 

Matrix: Water 
Level: Low 

Data Release Authorized: ~ rl1:?t &11.#::.._ 
Report prepared: 9!18/91 - MAC:K kas 

QC Report No: 8994-Dames & Moore 
Project No: 21048 006 5052 005 

Date Received: 9/5/91 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

Method MW3-
Sample No. Blank 90591 dl 

ARIIO 0911MB 8994Cdl 
Date Analyzed 09/11/91 09/12/91 
Ami Analyzed 5.0mls 0.1 mls 

CAS Number UnHs J.1Q/l J.lQ/l 
71-43-2 Benzene 1.0 u 670 
108-88-3 Toluene 1.0 u sou 
lOQ-41-4 Ethylbenzene 1.0 u sou 
133Q-20-7 Total Xylenes 2.0U lOOU 

Surrogate Recoveries 
Trifluorotoluene 102% 53.1% 
Bromobenzene 102% 56.7% 

Method MW3· 
Sample No. Blank 90591 dl2 

ARIIO 0917MB 8994Cdl2 
Date Analyzed 09/17/91 09/17/91 
Amt Analyzed 5.0mls 0.1 mls 

CAS Number Units J.lQ/L J.lQ/l 
71-43-2 Benzene 1.0 u 590 
108-88-3 Toluene 1.0 u sou 
lOQ-41-4 Ethylbenzene 1.0 u sou 
133Q-20-7 Total Xylenes 2.0 u lOOU 

Surrogate Recoveries 
Trifluorotoluene 98.6% 95.0% 
Bromobenzene 97.9% 94.8% 

Data Reporting Qualifiers 

Value If the result is a value greater than or equal B 
to the detection limit. report the value. 

u Indicates compound was analyzed for but 
not detected at the given detection fimit. J 

MW4- MW7-
90591 dl 90591 re 
8994Ddl 8994Ere 
09/12/91 09/12/91 

0.1 mls 5.0mls 
J.1Q/L J.lQ/l 
2000 2.0 
sou 70 
sou 1.0 u 
100U 2.0 u 

107% 105% 
95.0% 99.2% 

This flag is used when the analyte is found 
in the blank as well as a sample. Indicates 
possible/probable blank contamination. 

Indicates an estimated value when result 
is less than specified detection limit. 
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TOTAL PETROLEUM HYDROCARBONS BY GC/FID 
Modified EPA Method 8015 

Date Extracted: 
Date Analyzed: 

LablD Client Sample ID 
8994 MB Method Blank 
8994 A MW1-000591 
8994 B MW2-000591 

'8994 c MW3-000591 
8994 D MW4-000591 
8994 E MW7-000591 

00/10/91 
00/11/91 

TPH (ppm) 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

Pattern ID 
-----____ ,...., 

----·-
.,. ____ 
__ .., ___ 

------

U Indicates compound was analyzed for but not detected at the given 
detection limit. 

Gasoline surrogate: Bromobenzene 
Diesel surrogate: Me-arachidate 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists& 
Consultants 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

Surr. Recovery 
Gas. Diesel 
78.6% 95.1% 
122% 185% 
80.0% 98.8% 
87.9% 110% 
94.7% 107% 
73.0% 107% 



- - -~··'· - - - - - - .. - - - - - - -

~ 

Chain of Custody 
--- •••. -· - ---- -·~ . • - ..• - .o-. - .• --~ =c.~---;=-="'-c--:=-~~ Date_i.t_lj__1! PageL of(_ 

Project Number: 2..1 DLf'b ~lj t::;nfl-? ,.. bS"' 
Project Manager: w"" f'O&!.,f= 0 

laboratory: ~T' -- i ., __ ,8~ Tum around time: ~~ !'J~ ~ ~ =§~ ~ID &! '!ii 0 > 16 c( 0 10 

Sampler's Initials: ~ W, , <~ 
0 

2'~ i ~ g ~ ~ h Sampler's Signature: - =»-! l {j.) A v.., ~~ ~~ 1~ ~; g ~~ 
~~ 

~ 
2:--o 

Sample 10 Date Time Matrix !~ :x:g <g ~~ 0>-o...:x: 

H uJI - O't0 1:Pl I fllfJ!ql /(tt:r ~,__0 

~VJ t-- o'lo'5'lt 'I 
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tt w 3- ott c>S' '7 r lP/2.0 
kWL/- - ()qot;c;t \ ltff17 
t-1W-z- o'1~ r:;~t ~ 1100 tt 

-.J 1 AI I 1!t "'"7 1\Q,,cn ~ 10. J.--fn, 
I ~" '" 1 -v fV J - V !{If (/ t tau I 

lr\o ~t:.. 1~4/'11 ll 

Special Instructions/Comments: Relinquished by: 
' \ 

(Sig) 2HW 1 ~a:\)-.---:) 
(Printed} I Y1 Wil~ O:Yv\5 
(Company)ba~ ~ NbOr(... 
(Time) 1 ® DS (Oate)1/6Y'1 \ 

A 4 c. I -;:{:' ??1CJ '-( 

Analysis Request 

tp~ f.~ i _..::: 

I '\;.':)(,. m 
~- '8$" 

rn:-~ ~ 
o...:::. X 

fi g 
~~ ..::J O...Ci) w ...... 

')( ~ 

~ ~ 
'X X 
) X 

~ X 
·"" I~ I • \'*-\N 

RAiab):~ < 

(Sig ~ ..... _.., ;~__,_, M 

(P~~&A/ /+?$'/AL'<:. 

(Colll>"ny) ~,e.:z:-$ 
(Time),/?/. t) ?_ (Date~ _/ 

., 
! s Comments/ 5 

Instructions 0 
0 

.8 
E 
::l 
z 

~ 

3 
3 

3 
3 

I ,,\ (. I"? V" ,_. "l ..... 
l_ 

' "·· 

Sample Receipt 

)Total no. of containers: I--

- Chain of custody seals: 
1--

Rec'd good condition/cold: 
1--

Conforms to record: 

lab number: 

I 

' 
I 

l c 
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22 January 1992 

Sue Kent 
Dames & Moore 
500 Market Place Tower 
2025 Rrst Avenue 
Seattle, WA 98121 

RE: Client Project: #21048·006 
ARI Job #9777 

Dear Sue: 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists& 
Consultants 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

Please find enclosed the results and original chain-of-custody report for 
the above referenced project. Samples arrived in good condition on 
l/10/92, and analyses proceeded without incident. 

Samples MW-3 and MW-4 contained high levels of benzene, so the 
samples were diluted and re-analyzed. Both the initial and diluted results 
are included. 

If you have any questions or need further information, please feel free to 
call any time. I can be reached at the number above, or direct at 340-
2867, ext. 117, where you can also leave a message if I'm not available. 

Sincerely, 

ANALYTICAL RESOURCES, INC. 

(if !ft:;ller 
Project Coordinator 

KAS/ks 

Enclosures 

cc: file#9777 

DAMES & MOORE 
SEA TILE 

JAN 2 3 1992 
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• • I ORGANICS ANALYSIS DATA SHEET - Method 602/8020 
BETX by GC-PID 

ANALYnCAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists& 
Consultants 

333 Ninth Ave. North 

I Matrix: Water 
Level: Low 

QC Report No: 9777-Dames & :~~1:2~~:109-5187 
Moore (206) 621-7523 (FAX) 

Project No: 21048-006 I Data Release Authorized: ~ 6.d'k_ Date Received: 1/10/92 

I 
I 
I 
I 
I 
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I 
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I 
I 
I 

• 
I 

Report prepared: 1/22/92 - MAC:K kas 

Method 
Sample No. Blank MW-1 

ARIID MB01/l4 9777A 
Date Analyzed 01/14/92 01/15/92 
Amt Analyzed 5.0mls 5.0mls 

CAS Number UnHs !J.Q/L !J.Q/L 
71-43-2 Benzene 1.0 u l.OU 
108-88-3 Toluene 1.0 u 1.0U 
100-41-4 Ethylbenzene 1.0 u 1.0 u 
1330-20-7 Total Xylenes 2.0U 2.0U 

Surrogate Recoveries 
!Trlfluorotoluene I 93.9% I 91.4% 
IBromobenzene I 85.1% I 89.8% 

Sample No. MW-4 MW-6 
ARIID 97770 9777F 

Date Analyzed Ol/15/92 01/15/92 
Amt Analyzed 5.0mls 5.0mls 

CAS Number Units J.LQ/L J.LQ/L 
71-43-2 Benzene 630X 1.0U 
108-88-3 Toluene 11 1.0 u 
100-41-4 Ethylbenzene 4.1 1.0 u 
l33Q-20-7 Total Xylenes 17 2.0U 

Surrogate Recoveries 
Trifluorotoluene 91.2% 88.9% 
Bromobenzene 83.9% 

Data Reporting Qualifiers 

Value If the result Is a value greater than or equal 
to the detection limit, report the value. 

U Indicates compound was analyzed for but 
not detected at the given detection limit. 

B 

J 

I 
I 

MW-3 
MW-2 MW-3 duplicate 
97776 9777C 9777Cdup 

01/15/92 01/15/92 01/15/92 
5.0mls 5.0mls 5.0mls 

!J.Q/L 1-Lg/L IJ.Q/L 
110 320X 320X 

l.OU 3.8 3.8 
1.0 u 14 14 
2.0U 17 17 

102% 91.2% 92.7% 
104% 100% 102% 

MW-7 MW-1dup RB-011092 
9777G 9777H 97771 

01/15/92 01/15/92 01/15/92 
5.0mls 5.0mls 5.0mls 

J.LQ/L J.LQ/L J.LQ/l 
1.7 1.0 u 1.0 u 
4.2 1.0 u 1.0 u 

1.0 u 1.0 u 1.0 u 
2.0U 2.0U 2.0U 

80.1% 89.5% 82.4% 
78.3% 85.6% 77.1% 

This flag is used when the analyte is found 
in the blank as well as a sample. Indicates 
possible/probable blank contamination. 

Indicates an estimated value when result 
is less than specified detection limit. 
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I ORGANICS ANALYSIS DATA SHEET - Method 602/8020 

BETX by GC·PID 

I 
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Matrix: Water 
Level: Low 

Data Release Authorized: ~A.~ • 
Report prepared: 1/22!92 - MAC:K kas 

Trip 
Sample No. Blank 

ARIID 9777J 
Date Analyzed 01!15/92 
Amt Analyzed 5.0mls 

CAS Number Units 11g/L 
71-43-2 Benzene 1.0 u 
108-88-3 Toluene 1.0 u 
lOD-41-4 Ethylbenzene l.OU 
l33Q-20-7 Total Xylenes 2.0U 

Surrogate Recoveries 
Trifluorotoluene 83.6% 
Bromobenzene 78.4% 

MW-3 
Sample No. dup. dilution 

ARIID 9777Cdup 25)< 
Date Analyzed 01/15/92 
Amt Analyzed 0.2mls 

CAS Number Units 11g/L 
71-43-2 Benzene 450 
108-88-3 Toluene 25U 
10Q-41-4 Ethylbenzene 25U 
1330-20-7 Total Xylenes sou 

Surrogate Recoveries 
Trifluorotoluene 89.0% 
Bromobenzene 85.3% 

QC Report No: 

Project No: 
Date Received: 

Method 
Blank MW-5 

MB01/15 9777Ere 
01/15/92 01/15/92 
5.0mls 5.0mls 
p.g/L 11g/l 
l.OU 1.0 u 
1.0 u l.OU 
1.0 u l.OU 
2.0U 2.0U 

86.7% 96.7% 
76.8% 103% 

MW-4 
dilution 

9777DSOX 
01/15/92 
0.1 mls 

11g/L 
2700 
sou 
sou 
100U 

94.7% 
85.7% 

ANALYnCAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists& 
Consultants 

333 Ninth Ave. North 
Seattle, WA 98109-5187 

9777-Dames & (206) 621-6490 

Moore (206) 621-7523 (FAX) 

21048-()()6 
1/10/92 

MW-3 
dilution 

9777C 25X 
01/15/92 
0.2mls 
11g/L 
500 
25U 
25U 
sou 

99.1% 
97.6% 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Data Reporting Qualifiers 

Value If the result is a value greater than or equal 
to the detection limit, report the value. 

U Indicates compound was analyzed for but 
not detected at the given detection limit. 

B 

J 

This flag is used when the analyte is f 
in the blank as well as a sample. lnd 
possible/probable blank contamina1 

Indicates an estimated value when r 
is less than specified detection limit. 
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I TOTAL PETROLEUM HYDROCARBONS 

1 
WA HCID Method by GC/FID 

I Matrix: Water 

QC Report No: 9777-Dames & Moore 
Project: 21048-006 

I 
VTSR: 01/10/92 

Data Release Authorized-~-'-~::::.:....;~~~-1 Data Prepared: 1/14/92- MAC: RPR 

I 
I 
I 
I 

Lab 10 
MB 0103 
9777 A 
9777 B 
9777 c 
9777 D 
9777 E 
9777 F 
9777 G 
9777 H 
9777 I 

Date extracted: 01/13/92 
Dates Analyzed: 01/13/92 

Dilution Petroleum 
Client Sample ID Factor Hydrocarbons t 
Method Blank - 2.0U 

MW-1 - 2.0U 
MW-2 - 2.0U 
MW-3 - 2.0U 
MW-4 - 2.0U 
MW-5 - 2.0 u 
MW-6 - 2.0U 
MW-7 - 2.0U 

MW-1 DUP - 2.0U 
RB- 011092 - 2.0U 

Surrogate is Me-Arachidate. 

Values reported in ppm (mg/L). 

TPH ID • 

-
No 
No 
No 
No 
No 
No 
No 
No 
No 

Surrogate 
Recovery 

88.4% 
130% 

98.2% 
79.9% 
98.4% 
99.5% 
98.5% 
93.6% 

H7.6% 
28% 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists& 
Consultants 

333 Ninth Ave. North 
Seattle, WA98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

I 
I 
I 
I 
I 
I 
I 
I 

U Indicates compound was analyzed for but not detected at the given detection limit. 

X Indicates a value above the linear range of the detector. Dilution required. 

• In the opinion of the analyst. was there a pattem match for diesel or gasoline (yes or no). 

t Value based on total peaks in the range from Toluene to C24. 



92 DAMES & MOORE s:::: .... ------·-----'-
500 Market Place Tower· 2025 First Avenue ·Seattle, Washington 98121 • (206) 728-0744 

Chain of Custody 
Date 1 1 Jt:J 1:!.1.:... Page_/ of_/_ 

Project Number: z I 0 ¥8'- ool.. Analysis Request 
Project Manager: Sue. "enr 9 0 

Laboratory: A R. I "' (;j v "' ;j .g~ ::t::: a; 
Turn around time: R$!fJ u.lot" .~~ "'- c: 

~ "' :s~ 
I :s Q) tU...-

"' \1'\ j Comments/ ~ ~0 
ew Ill "' c: 

ag I() e ~ 0 ~ ]I 0 

Sampler's Initials:~ )o 0 g~ I ~ ~(i) Instructions 0 
~~ > <(.8 X. ~ 0 Oo ·~ &i ig ~~ • a..::.. 
.!J!~ ~~ t X ! Sampler's Signature:-- (I)~ tU~ 

ZN :t tf§ g 
~~ 8'-. (i)~ 

~ 
~~ -.:1 

~ 
E 

Sample ID Date Time Matrix g~ 
«! ..... ~g ~~ 0-g, :g 

~ &~ a..- ::l :x:2 a.. :I: a.. w!!!.. z 

Mw ... , 1 /u:Hl. lt:l'.L./6 liz.D ,/ ~ 3 
I 

n.:'-fo vi M\.U-2 v ' Mw-6 JO;d;. II ,/ !; 

Mw-4- /1:'%0 ,/ / 3 
MvJ-~ /'1•·: tO ,/ ,/ :? 

M~-lo J~:l/5 ,/ ,/ ?> 

Mw..-1 tz..:oo / / ~ 

M v.l - ' 'D I.Aj:) • /0:'-#5 / ,/ 1J 

R B....... 0 I \f;)q '2.. v Jr.4-G / I 0 

1-rr,:C, ~\c.""- d7l"l2- - v I 
I 

Special Instructions/Comments: Relinquished by: Received by (lab): Sample Receipt 

(Sig) ~;__........... 
(Sg) ·~:~~A 

Total no. of containers: 
c-

Chain of custody seals: 
(Printed) s c.Dt'r .::r: 1v\' c.JcA.\~ Of\ (Printed)= = c 

,....._ . Rec'd good condition/cold: 
(Company) be11'1"'oeio. ; t-.\oo,..e. (Company) IA.R~. r--

Conforms to record: 

(Time) {~:I 'i (Date) 'J'o~~~ (Time) ~ ~ ~o pm. (Date) 1/ \Q ~9 .. 
Lab number: q '\ '\ '""\ 

-··-····--

-~-------~-------~-
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23 April1992 

Ingrid Williams 
Dames & Moore 
500 Market Place Tower 
2025 Frst Avenue 
Seattle, WA 98121 

RE: Client Project: Alaska Morine Lines 
ARI Job IA420 

Dear Ingrid: 

DAMES & MOORE 
SEA mE 

APR 2 4 1992 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists& 
Consultants 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

Please find enclosed the results and original chain-of-custody records for 
the above referenced project. Nine samples were received in good 
condition on 4/9/92. 

BETX samples MW-3 and MW-4 required re-analysis at dilution due to 
levels of benzene above the instrument calibration range. Values for all 
the runs are reported here. The analyst notes that diesel samples MW-6, 
MWX-6, and MW-7 appear to have hydrocarbons in the motor oil range. 
Analysis by Method 418. 1 could be used to achieve more accurate 
quantitation of these levels. 

If you have any questions or need further information, please feel free to 
call any time. 

Sincerely, 

ANALYTICAL RESOURCES, INC. 

#J.~~M../" ,___ __ ___ 
Kate St gemoeller 
Project Coordinator 
206-340-2867, ext. 117 

KAS/ks 

Enclosures 

cc: file#A420 
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TOTAL DIESEL RANGE HYDROCARBONS 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists& 
Consultants 

I WA TPHD Method by GC/FID 
333 Ninth Ave. North 
Seattle, WA 98109·5187 
(206) 621-6490 

QC Report No: A420-Dames&Modfi6l 621-7523 (FAX) 

I Matrix: Waters Project: Alaska Marine Unes 

I Data R~se Aulhor2ed bit fl.-
Data Prepared: 04!14/92- MAC:C PA 

VTSR: 04/00/92 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Date Extracted: 04/10/92 
Dates Analyzed: 04/13-14/92 

Dilution Diesel Surrogate 
LabiD Client Sample ID Factor Hydrocarbons t DieseiiD • Recovery 

A420 MB Method Blank 1 0.25U No 106% 
A420A MW-1 1 0.25U No 112% 
A420B MW-2 1 0.58 Yes 114% 
A420C MW-3 1 0.25U No 106% 
A420D MW-4 1 0.25U No 113% 
A420E MW-5 1 0.25U No 110% 
A420F MW-6 1 4.2 No 61.3% 
A420G MWX-6 1 4.6 No 79.4% 
A420 H MW-7 1 6.6 No 93.3% 
A4201 RB-040992 1 0.25U No 103% 
A420 IDUP RB-04CF/92 DUPL. 1 0.25U No 119% 

Surrogate is Me-Arachidate. 

Values reported in ppm (mg/L). 
S Indicates no value reported due to saturation of the detector. 
U Indicates compound was analyzed for but not detected at the given detection limit. 
X Indicates a value above the linear range of the detector. Dilution required. 
• In the opinion of the analyst. was there a pattern match for diesel. 
t Value based on total peaks In the range from C 12 to C24. 
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TOTAL GASOLINE RANGE HYDROCARBONS BY GC/FID 
WA TPH·G Method (Purge & Trap) 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists& 
Consultants 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

Matrix: Waters 

QC Report No: A420-Dames & Moore 
Project: Alaska Marine Unes 

Data Release Authorized ~ 
Data Prepared: 04/23/92 MAC:D sk 

VfSR: 04/CfJ/92 

Date Analyzed: 04/16,17.20/92 

Dilution Gasoline Range 
LabiD Client Sample 10 Factor Hydrocarbons t Gas ID • 

A420 MB Method Blank 
A420 A MW-1 
A420 c MW-3 
A420 D MW-4 
A420 Ddup MW-4dup 
A4201 RB-040992 
A420 MB Method Blank 
A420 B MW-2 
A420E MW-5 
A420F MW-6 
A420 G MWX-6 
A420 H MW-7 

Surrogate A = Tritluorotoluene 
Surrogate B = Bromobenzene 

Values reported In ppm (mg/L). 

NA 0.25U No 
NA 0.25U No 
NA 0.72 No 
NA 0.15 J No 
NA 0.15 J No 
NA 0.25U No 
NA 0.25U No 
NA 0.14 J No 
NA 0.25U No 
NA 0.25U No 
NA 0.25U No 
NA 0.25U No 

Surrogate 
A 

94.3% 
92.9% 
90.2% 
93.0% 
85.6% 
92.1% 
95.2% 
101% 
101% 

90.9% 
94.6% 
97.6% 

U Indicates compound was analyzed for but not detected at the given detection limit. 

X Indicates a value above the linear range of the detector. Dilution required. 

* In the opinion of the analyst, was there a pattern match for gasoline (yes or no). 

t Value based on total peaks In Toluene-C12 range. 

J Indicates an estimated value when result is less than specified detection limit. 

Surrogate 
8 

90.2% 
91.6% 
97.7% 
96.7% 
90.0% 
88.4% 
97.0% 
97.6% 
99.6% 
86.2% 
90.9% 
95.5% 
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ORGANICS ANALYSIS DATA SHEET 
BETX by Method 602/8020 
Matrix: Water 
Level: Low 

Data Release AuthoriZed: ~ 
Report prepared: 04/22/91~ R 

ProJect No: Alaska Marine Unes 

QC Report No: A42Q-Dames & Moore 
VTSR: 4/9/92 

Instrument ID: GC/PID Sample No. Method Blk MethodBik Method Blk MW-1 
ARIID MB0415 MB0416 MB0420 A420-A 

Date Analyzed 4/15/92 4/16/92 4/20/92 4/16/92 
Amt Analyzed 5.0ml 5.0ml 5.0ml 5.0ml 

CAS Number Units ~g/L ~g/L ~g/L ~g/L 

71-43-2 Benzene l.OU 1.0 u 1.0 u 1.0 u 
108-88-3 Toluene 1.0 u 1.0 u 1.0 u 1.0 u 
10Q-41-4 Ethylbenzene l.OU 1.0 u 1.0 u 1.0 u 
133Q-2Q-7 Total Xylenes 2.0U 2.0U 2.0U 2.0 u 

Trifluorotoluene 105% 89.5% 78.3% 97.1% 
Bromobenzene 102% 94.3% 80.0% 98.5% 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists& 
Consultants 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

MW-2 
A420- B 
4/16/92 
5.0ml 
~g/L 
65 

1.0 u 
1.0 u 
2.0U 
94.4% 
95.6% 

Instrument ID: GC/PID Sample No. MW-3 MW-3 MW-4 MW·4dup MW·4dl 
ARIID A420-C A420- C dl A420- D A420- D DuJ: A420-Ddl 

Date Analyzed 4/16/92 4/20/92 4/16/92 4/16/92 4/22/92 
Amt Analyzed 5.0ml 0.5ml 5.0ml 5.0ml 0.1 ml 

CAS Number Units J.Lg/L J.LQ/L J.LQ/L ~g/L J.lg/L 
71-43-2 Benzene 220X 620 370X 370X 1800 
108-88-3 Toluene 3.0 lOU 6.2 6.0 sou 
100-41-4 Ethylbenzene 9.1 10 u 1.0 u 1.0 u sou 
1330-20·7 Total Xylenes 18 20U 5.7 5.1 100U 

Trifluorotoluene 93.5% 97.5% 96.4% 88.9% 91.6% 
Bromobenzene 105% 98.1% 102% 94.8% 96.7% 

GC DATA QUAUFIERS 

U Indicates the compound was undetected at the listed concentration. 

J Indicates an estimated value when the value is less than the calculated detection limit. 

D Indicates the surrogate(s) was not detected, due to dilution of extract. 

NR Indicates the surrogate recovery cannot be reported due to matrix interference. 

X Indicates a value above the linear range of the detector. Dilution required. 

S Indicates no value reported due to saturation of the detector. Dilution required. 

C Indicates a probable value which is unable to be confirmed due to matrix interference 
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ORGANICS ANALYSIS DATA SHEET 
BETX by Method 602/8020 
Matrix: Water 
Level: Low 

Data Release Authorized:_,_-~~~ 
Report prepared: 04/22/92 - MAC: RP 

Instrument ID: GC/PID Sample No. 
ARIID 

Date Analyzed 
Amt Analyzed 

CAS Number Units 
71-43-2 Benzene 
108-88-3 Toluene 
10Q-41-4 Ethylbenzene 
133G-2G-7 Total Xylenes 

Tritluorotoluene 
Bromobenzene 

Instrument ID: GC/PID Sample No. 
ARIID 

Date Analyzed 
Amt Analyzed 

CAS Number Units 
71-43-2 Benzene 
108-88-3 Toluene 
100-.41-.4 Ethylbenzene 
1330-20-7 Total Xylenes 

Trifluorotoluene 
Bromobenzene 

MW-5 
A420- E 
4/17/92 
5.0ml 

J.Lg/L 
1.0 u 
l.OU 
1.0 u 
2.0U 
93.1% 
96.2% 

ProJect No: Alaska Marine Unes 

QC Report No: A420-Dames & Moore 
VTSR: 4/9/92 

MW-6 
A420- F 
4/17/92 
5.0ml 

J.Lg/L 
l.OU 
1.0 u 
l.OU 
2.0U 
83.9% 
85.0% 

MWX-6 MW-7 RB-040992 
A420-G A420- H A420-l 

4/17/92 4/17/92 4/16/92 
5.0ml 5.0ml 5.0ml 
J.Lg/L J.Lg/L J.Lg/L 
l.OU 1.6 l.OU 
1.0 u 1.0 u 1.0 u 
l.OU 1.0 u 1.0 u 
2.0 u 2.0U 2.0U 
85.8% 89.3% 86.3% 
87.6% 92.1% 90.9% 

GC DATA QUAUFIERS 

U Indicates the compound was undetected at the listed concentration. 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists& 
Consultants 

333 Ninth Ave. North 
Seattle, WA98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

J Indicates an estimated value when the value is less than the calculated detection limit. 

D Indicates the surrogate(s) was not detected, due to dilution of extract. 

NR Indicates the surrogate recovery cannot be reported due to matrix interference. 

X Indicates a value above the linear range of the detector. Dilution required. 

S Indicates no value reported due to saturation of the detector. Dilution required. 

C Indicates a probable value which is unable to be confirmed due to matrix interference 



-e,cmrot-eLstmJy ftcolf! & -
Laboratory Analysis Request 

- -----.-Date: 11-/9/9?. • 
Page __ I_ of ?-

~AL--
RESOURCES 
INCORPORATED 

333 Ninth Ave. North 
- Seattle, WA 98109-5187 

' I (206) 621-6490 
ARI Client: .bt:~l'fltl.6 <£ MDOre. Phone#: 72f'-o74'1 Number of coolers: (206) 621-7523 (FAX) 

' " Client Contact: ln::tr~ d uh' II ,am 6 Analysis Required Notes/Comments .., 
• 

Client Project ID: A ltt-s/£4 M.Dtl",;,~ ,_,~ J,. cp 
~-11- Mt~-5oll s ' Samplers: ~ ~ 

No l! ~ SampleiD Date Time Matx Cont LabiD ~ 

l N.w-1 Wf/en 15~(/ l/lz{) 8 Ao/v?6-A v' ,/ / 
2 I!Aw"''" 1SOCJ ~ ,/ ,/ / 
3 [MLJ-3 /loS (_ v ., y" 

4 MIAJ'Lf /13-5 D ~ y ~ 

5 Mw""5" 1?$:>0 E ,/' / y' 

6 Mu.l""u ~ ~ ,/ ,/ ,/ 

7 ~wx-v ~L/"5 G ,/' / .,/ Ft~d bu/>11~/e; 

8 MW"'1 ... o:zo .. ,II ~/ tl ~ ~ / 
Comments/Speciallnstructions: Relinquish~~ ~ • Relinquished by: Relinquished by: 

(Signature~/1.-1." - (Signature) (Signature) 

Printed~~: ./. ~ Printed Name: Printed Name: 
S eo M ,'c./t..4 

Coytany: I 
Jl-1', "'~ ~ Mt::>o r-e.... 

Company: Company: 

., 
Time: Date: Time: Date: Time: Datt.} I ct q.-;,., tu'90 

Recei~~~ ~' Received by: Received by: 
(Signat e ...,...., ... ""'"··.A (Signature) (Signature) 

Printe~ 'fi/1:~ Printed Name: Printed Name: 

Compafly//t/f' ~ ~ Company: Company: 

Dateyff#}_ Time).( J~tJ Date: Time: Date: Time: 

~ 

~I ;1. ....,-, .H_ L) If otf) /\ 

- -

I 

I 

• 

~ 



~am-of ~st~y a'corcr& • 
Laboratory Analysis Request 

- - ---Date: YJ~/"l':J-
Page . -~- Z of '2--. 

ARI Client: l:JRMtS/M~ Phone#: 72$-11'7"--Y.. Number of coolers: l 

Client Contact: !rtn-·~· 11.}1/llc.t~ Analysis Required .., 
Client Project ID: 11 I6J£n tif.,.....,,.,~ uh6 

~ <:) 

Samplers: 5~ Mi'c:Ju~j~ 

~ Y? )b 
No 2 ~ SampleiD Date Time Matx Cont LabiD 

1 ~~ - ol./tYI'n- lifo fa 191{) H21J a a~;o .. :r ., ~ ,/ 

2 

3 

4 

5 

6 

7 

8 ~ 
Comments/Special Instructions: Relinquishe~JIWI~ £' . Relinquished by: 

(Signature) /X.JV"'~' .... - (Signature) 

Pri~JiJ--~,·~/~ Printed Name: 

corg:any: 'IIA tJ.r/2-
qfY'I-es " a 

Company: 

, 
Time: Date: Time: Date: o/<1}4?-

JJ.,?JO 

Receive~e{Z ~L .. Received by: 
(Slgnatur 'A>.-A "h ·.~ -""' A (Signature) 
Printed N~~ · -- ~ / _Jr · 

"7/\~ , -c:p~"/A/:.5 
Printed Name: 

Compan7:)$?r~~, Company: 

Date: tj /, h~ Time:/~ p '? tJ Date: Time: 

-c.- .. AL~
RESOURCES 
INCORPORATED 

333 Ninth Ave. North 
Seattle. WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

Notes/Comments 

-
I 

! 

I 

I<J/?15&/ k, I& lev? k-

Relinquished by: 
(Signature) 
Printed Name: 

Company: 

Date: Time: 

Received by: 
(Signature) 
Printed Name: 

Company: 

Date: Time: 

... 

-
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27 August 1992 

Ingrid Williams 
Domes & Moore 
500 Market Place Tower 
2025 First Avenue 
Seattle, WA 98121 

1.1.1 a:: 
0 
01,1J 
:;:r= 
<oil<t 
(1)1.1.1 
~tl) 
g 

"' 0') 
0') -
00 
C\:! 
(..!} 
:::::> 
< 

RE: Client Project: 21048-006·005 Alaska Marine /7100 2nd Av SW Site 
ARI Job #850 1 

Dear Ingrid: 

ANALYTlCAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists& 
Consultants 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206) 621-6490 
(206) 621·7523 (FAX) 

Please find enclosed the results and original chain-of-custody record tor the above 
referenced project. Seven water samples and a trip blank were received in good 
condition on 8/17/92, and the analyses proceeded without incident. A duplicate was 
analyzed for each parameter as per your instructions on the 18th. 

BETX samples MW-3 and MW-4 required re-analysis at diluted levels due to benzene 
concentrations above the linear range of the detector. Results of both the undiluted 
and diluted analyses ore reported. 

Samples MW-5 and MW-6 appear to contain hydrocarbons eluting later than the diesel 
range, which is why they were not positively identified on either the gas or diesel report 
forms. Sample MW-7 contains some benzene and toluene, with peaks later than diesel 
range, also. I've enclosed the chromatograms for all samples and a diesel standard for 
your examination. 

A copy of this package and all raw data will be kept on file should you need additional 
Information at a Mure date. Also. if you have any questions, please feel tree to call any 
time. 

Sincerely, 

ANALYTICAL RESOURCES, INC. 

:::x.~ 
Project Coordinator 
206-340-2866, ext. 117 

Enclosures 

cc: file#8501 



------------Jft DAMES & MOORE -----Chain of Custody 
Date.1.J17 /q2...Page _I of_/ ~ 500 Market Place Tower • 2025 First Avenue • Seattle, Washington 98121 • {206) 728-0744 

Project Number: 2.\0~'ft-~- oos Analysis Request 
Project Manager: IA{\d v..Hll,c..'f"r'\o 

0 

Laboratory: A 1 
8'l .g§ !!? 

Turn around time: ~c..rc:JL 
Ql 

l!~ ~ fl)- c: 
fl) 

:g~ 1§ g .lll .u..- fl) 

~ Comments/ ..,. 
~0 8~ m -a 9 i 

c: 
lijo ~ r.o 0 0 

Sampler's Initials~ CJ(!I i g. <U(!I - .... c: 0. ::l Instructions 0 

0~ 
.t:.~ 

~ ~.8 ~ I :gc;- 0 
~~ ~~ aso 13§ ~~ "': 

~ 
o.:::. g Ji Sampler's Signature: .lllN 

~~ ~~ 
z~ 

~ ~~ ..,.G) Q.lm ~ .. 
Sample ID Date Time Matrix 

~·~ 
~ - "0 £~ l~ 

E 
g.~ ~~ ~~ O>. 0.- ::l 

J:~ O.J: w!!!.. z 

Mw-1 '71U.o)q2 I(.,•, SO l~+z_o ./ V' ./ 4 
M.w-2 11:5C ~ / ./ t-1-

Mw-3 IY.\'t-5" ~ 7 ./ l-1-

Mw-4 n:oo / / 4-
Mw-5 1?>'.5"5 

~7 V" v' zJ 
MvJ- \p 1.; :5o ~ V' / if 
M~-1 >o~;l ~~~Y-5'" 

..,, 7 II' a/" 14 
\r,c ~\td\\::.- 1-\z.O 7 v 2-

Special Instructions/Comments: Relin~ Recf!Ziab): • Sample Receipt 

Ala.:6¥-.o- Mw,~.e.. 1.....1~ Total no. of containers:!--

1tc0 z.nc.l A-le... '5v.J 5;1-4-
{S~ (Sg) ~~..._ Chain of custody seals: 
(Printed) Sc.ctt :r · Mlc.t.iL\~'1"\ (Pr' ted) ~A./ ~g"~ I--

1 
(Compa~ ~~.?fr~ / 

Rec'd good condition/cold: 

(Company) ~>"1"'\t..~ ~ M..ox-e.- f--

(Time) 11: :;s- {Date) !ifnl~"'l-
Conforms to record: 

1 (Tim~ J _:s:s= (Dat~7 #c L...--. . ., , 11-ab number: I 
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TOTAL GASOLINE RANGE HYDROCARBONS 
WA TPHG Method by GC/FID 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists& 
Consultants 

333 Ninth Ave. North 
Seattle, WA98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

I Matrix: Water 

QC Report No: 8501-Dames&Moore 
Project: 21048-006-005 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Alaska Marine 
VTSR: 08/17/92 

Data Release Authorized---+'~~~=--
Data Prepared: 08/24/92 - MAC: 

Date Extracted: 08/18/92 
Date Analyzed: 8/18- 19/92 

Dilution Gasoline Range 
LablD Client Sample ID Factor Hydrocarbons t Gas ID * 

8501 MB0818 Method Blank 
8501 MB0819 Method Blank 
8501 A MW-1 
8501 B MW-2 
8501 c MW-3 
8501 D MW-4 
8501 E MW-5 
8501 F MW-6 
8501 G MW-7 
8501 H TRIP BLANK 

Surrogate A= Trifluorotoluene 
Surrogate B = Bromobenzene 

Values reported In ppm (mg/l). 

- 0.25U -
- 0.25U No 
- 0.25U No 

- 0.25U No 

- 0.31 No 
- 0.22J No 
- 0.25U No 

- 0.25U No 
- 0.25U No 
- 0.25U No 

Surrogate Surrogate 
A B 

97.9% 102% 
84.5% 84.9% 
92.9% 99.5% 
92.3% 97.9% 
92.7% 101% 
93.3% 101% 
85.6% 87.3% 
82.2% 84.0% 
86.2% 88.9% 
95.9% 93.3% 

U Indicates compound was analyzed for but not detected at the given detection limit. 

X Indicates a value above the linear range of the detector. Dilution required. 

• In the opinion of the analyst, was there a pattem match for gasoline. 

t Value based on total peaks In the range from Toluene to Dodecane. 
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ORGANICS ANALYSIS DATA SHEET 
BETX by Method 602/8020 
Matrix: Water 
Level: Low 

Data Release Authorized: _,..""""..,__-='"-¥"-
Report prepared: 08/24/9 

Instrument ID: GC/PID Sample No. 
ARIID 

Date Analyzed 
Amt Analyzed 

C/>SNumber Units 
71-43-2 Benzene 
108-88-3 Toluene 
100-41-4 Ethylbenzene 
133Q-2Q-7 Total Xylenes 

Trifluorotoluene 
Bromobenzene 

Instrument ID: GC/PID Sample No. 
ARIID 

Date Analyzed 
Amt Analyzed 

C/>SNumber Units 
71-43-2 Benzene 
108-88-3 Toluene 
100-41-4 Ethylbenzene 
133Q-2Q-7 Total Xylenes 

Trifluorotoluene 
Bromobenzene 

Project No: 21048-006-005 
Alaska Marine 7100 2nd Ave. S W 
QC Report No: 8501-Dames & Moore 

VTSR: 8117/92 

MethodBik MW-1 MW-2 
MB-0818 8501 -A 8501- B 
8/18/92 8/19/92 8/19/92 
S.Oml S.Oml S.Oml 
p.g/l p.g/L J!Wl 
l.OU 1.0U 94 
1.0U 1.0 u l.OU 
1.0U 1.0 u l.OU 
2.0U 2.0U 2.0U 
99.1% 93.2% 93.0% 
97.9% 90.5% 89.9% 

MW-3 MW-4 Trip Blank 
8501- c B501- D 8501- H 
8/18/92 8/19/92 8/19/92 
S.Oml S.Oml S.Oml 
J!_gjl _ll.g/L p.g/l 
380X 790X 1.0U 

3.2 12 1.0U 
9.4 4.6 1.0U 
15 19 2.0U 

90.4% 89.1% 94.7% 
94.1% 94.1% 91.3% 

GC DATA QUAUFIERS 

U Indicates the compound was undetected at the listed concentration. 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists& 
Consultants 

333 Ninth Ave. North 
Seattle, WA 98109·5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

J Indicates an estimated value when the value is less than the calculated detection limit. 

D Indicates the surrogata(s) was not detected. due to dilution of extract. 

NR Indicates the surrogate recovery cannot be reported due to matrix interference. 

X Indicates a value above the linear range of the detector. Dilution required. 

S Indicates no value reported due to saturation of the detector. Dilution required. 

C Indicates a probable value which is unable to be confirmed due to matrix Interference 
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ORGANICS ANALYSIS DATA SHEET 
BETX by Method 602/8020 
Matrix: Water 
Level: Low 

Data Release Authorized: -f-.doC>~c...::......,.: 
Report prepared: 08/24/92 - MAC: 

Instrument ID: GC/PID Sample No. 
ARIID 

Date Analyzed 
Amt Analyzed 

CAS Number Units 
71-43-2 Benzene 
108-88-3 Toluene 
1oo-41-4 Ethylbenzene 
133Q-2Q-7 Total Xylenes 

Trifluorotoluene 
Bromobenzene 

Instrument ID: GC/PID Sample No. 
ARIID 

Date Analyzed 
Amt Analyzed 

CAS Number Units 
71-43-2 Benzene 
108-88-3 Toluene 
100-41-4 Ethylbenzene 
133Q-2Q-7 Total Xylenes 

Trifluorotoluene 
Bromobenzene 

Project No: 21048-006-005 
Alaska Marine 7100 2nd Ave. S W 
QC Report No: BS01-Dames & Moore 

VTSR: 8/17/92 

Method Blk MW-3 MW-4 
MB-0818 B501- c BS01- D 
8/19/92 8/19/92 8/19/92 
5.0ml 0.1 ml 0.05ml 
Jlg/L Jlg/L Jtg/L 
1.0 u 910 3400 
1.0 u sou 100 u 
1.0 u sou 100 u 
2.0U 100 u 200U 
104% 110% 110% 
101% 107% 106% 

MW-5 MW-6 MW-7 
B501- E B501- F B501 -G 
8/19/92 8/19/92 8/19/92 
5.0ml 5.0ml 5.0ml 
Jlg/L Jlg/L Jl9/L 
1.0 u 1.0 u 1.1 
1.0 u 1.0U 22 
1.0 u 1.0 u 1.0U 
2.0U 2.0U 2.0 u 
105% 101% 104% 
102% 98.1% 103% 

GC DATA QUALIFIERS 

U Indicates the compound was undetected at the listed concentration. 

ANALYllCAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists& 
Consultants 

333 Ninth Ave. North 
Seattle, WA98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

J Indicates an estimated value when the value is less than the calculated detection limit. 

D Indicates the surrogate(s) was not detected. due to dilution of extract. 

NR Indicates the surrogate recovery cannot be reported due to matrix interference. 

X Indicates a value above the linear range of the detector. Dilution required. 

S Indicates no value reported due to saturation of the detector. Dilution required. 

C Indicates a probable value which is unable to be confirmed due to matrix interference 
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TOTAL DIESEL RANGE HYDROCARBONS 
WA TPHD Method by GC/FID 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists& 
Consultants 

333 Ninth Ave. North 
Seattle, WA98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

I Matrix: Water 

QC Report No: 8501-Dames & Moore 
Project: Alaska Marine 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Data Release Au1tlorlzed ~ ~ 
Data Prepared: 08/26/92- MAC:C pat 

Date Extracted: 08/18/92 
Date Analyzed: 08/21-22/92 

VTSR: 08/17/92 

Dilution Diesel Range Surrogate 
LabiD Client Sample ID Factor Hydrocarbons t DieseiiD • Recovery 

8501 MB Method Blank 1 0.25U No 84.5% 
8501A MW-1 1 0.25U No 77.0% 
8501 B MW-2 1 0.25U No 79.5% 

8501 BDUP MW-2DUPL. 1 0.25U No 83.4% 
8501 c MW-3 1 0.30 No 69.3% 
85010 MW-4 1 0.25U No 78.1% 
8501 E MW-5 1 0.28 No 85.1% 
8501 F MW-6 1 1.1 No 79.5% 
8501 G MW-7 1 0.73 No 82.3% 

Surrogate is Me-Arachidate. 

Values reported in ppm (mg/kg). 

U Indicates compound was analyzed for but not detected at the given detection limit. 

X Indicates a value above the linear range of the detector. Dilution required. 

" In the opinion of the analyst, was there a pattern match for diesel. 

t Value based on total peaks in range from C 12-C24. 



.. I -

I 
I 
I 
I~ 

0 

I 
I 

I 
I ~ 

I 
I 
I 
I 
I 
I 

0 

Saaple: DIESEL c~l Channel: DB-5 3ul 
Acquired: 21-AUG-92 17:03 Method: C:\HAX\HCID\HCIDF 
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N w ~ 
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I 
I 

SE1000C 

I 
Environmental Logger 

08/16 18:50 

I 
Unit# 00033 Test 0 

INPUT 1 INPUT 2 Setups: 

I ------------ --------- ---------
Type Level (F) Level (F) 
Mode TOC TOC 

I I.D. 00150 00300 

Reference 10.450 9.470 

I Linearity 0.140 0.130 
Scale factor 19.870 20.010 
Offset 0.140 0.070 

I Delay mSEC 50.000 50.000 

Step 0 08/14 20:16:47 

I Elapsed Time INPUT 1 INPUT 2 

------------ --------- ---------

I 0.0000 10.450 9.482 
30.0000 10.513 9.507 
60.0000 10.544 9.514 

I 90.0000 10.563 9.520 
120.000 10.582 9.520 
150.000 10.601 9.520 

I 180.000 10.620 9.514 
210.000 10.651 9.514 

I 
240.000 10.664 9.520 
270.000 10.689 9.520 
300.000 10.701 9.520 

I 
330.000 10.720 9.514 
360.000 10.727 9.507 
390.000 10.739 9.507 

I 
420.000 10.745 9.507 
450.000 10.745 9.501 
480.000 10.739 9.495 

I 
510.000 10.727 9.495 
540.000 10.714 9.495 
570.000 10.701 9.495 

I 
600.000 10.695 9.501 
630.000 10.676 9.507 
660.000 10.676 9.507 

I 
I 



I 
I 690.000 10.676 9.520 

720.000 10.676 9.520 

I 750.000 10.683 9.533 
780.000 10.695 9.533 
810.000 10.720 9.539 

I 840.000 10.745 9.545 
870.000 10.771 9.545 
900.000 10.796 9.545 

I 930.000 10.821 9.539 
960.000 10.846 9.539 
990.000 10.865 9.533 

I 1020.00 10.884 9.526 
1050.00 10.890 9.520 
1080.00 10.896 9.507 

I 1110.00 10.890 9.495 
1140.00 10.878 9.482 
1170.00 10.865 9.476 

I 1200.00 10.840 9.463 
1230.00 10.808 9.450 
1260.00 10.783 9.444 

I 1290.00 10.745 9.431 
1320.00 10.714 9.431 

I 
1350.00 10.676 9.431 
1380.00 10.645 9.431 
1410.00 10.620 9.438 

I 
1440.00 10.594 9.438 
1470.00 10.575 9.450 
1500.00 10.569 9.463 

I 
1530.00 10.563 9.470 
1560.00 10.569 9.476 
1590.00 10.569 9.489 

I 
1620.00 10.582 9.489 
1650.00 10.607 9.489 
1680.00 10.638 9.495 

I 
1710.00 10.651 9.495 
1740.00 10.683 9.495 
1770.00 10.689 9.489 

I 1800.00 10.708 9.489 
1830.00 10.714 9.489 
1860.00 10.720 9.482 

I 1890.00 10.720 9.476 
1920.00 10.720 9.476 
1950.00 10.714 9.470 

I 1980.00 10.695 9.476 
2010.00 10.689 9.476 
2040.00 10.676 9.482 

I 
I 



I 
I 2070.00 10.664 9.482 

2100.00 10.651 9.489 

I 2130.00 10.645 9.489 
2160.00 10.632 9.489 
2190.00 10.632 9.495 

I 2220.00 22.996 20.437 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 

SE1000C 

I Environmental Logger 
08/16 18:52 

I Unit# 00033 Test 1 

I 
Setups: INPUT 1 
------------ ---------
Type Level (F) 

I 
Mode TOC 
I.D. 00150 

I 
Reference 9.560 
Linearity 0.140 
Scale factor 19.870 

I Offset 0.140 
Delay mSEC 50.000 

I Step 0 08/16 09:56:03 

Elapsed Time INPUT 1 

I ------------ ---------
0.0000 5.781 
0.0033 5.787 

I 0.0066 5.787 
0.0100 5.774 
0.0133 5.818 

I 0.0166 5.799 
0.0200 5.806 
0.0233 5.799 

I 0.0266 5.718 
0.0300 5.604 

I 
0.0333 6.133 
0.0500 5.844 
0.0666 5.850 

I 
0.0833 5.963 
0.1000 5.957 
0.1166 5.894 

I 
0.1333 5.831 
0.1500 6.121 
0.1666 6.115 

I 
0.1833 5.951 
0.2000 5.963 
0.2166 5.862 

I 0.2333 6.007 

I 



I 
I 0.2500 5.995 

0.2666 6.007 

I 0.2833 6.020 
0.3000 6.026 
0.3166 6.039 

I 0.3333 6.052 
0.4166 6.096 

I 
0.5000 6.146 
0.5833 6.190 
0.6666 6.222 

I 
0.7500 6.259 
0.8333 6.297 
0.9166 6.322 

I 
- 1.0000 6.354 

1.0833 6.385 
1.1666 6.404 

I 
1.2500 6.436 
1.3333 6.455 
1.4166 6.480 

I 1.5000 6.505 
1.5833 6.530 
1.6666 6.549 

I 1.7500 6.574 
1.8333 6.593 
1.9166 6.612 

I 2.0000 6.631 
2.5000 6.745 
3.0000 6.845 

I 3.5000 6.934 
4.0000 7.015 
4.5000 7.091 

I 5.0000 7.160 
5.5000 7.230 

- 6.0000 7.286 

I 6.5000 7.343 
7.0000 7.393 

I 
7.5000 7.450 
8.0000 7.494 
8.5000 7.538 

I 
9.0000 7.582 
9.5000 7.620 
10.0000 7.664 

I 
12.0000 7.809 
14.0000 7.929 
16.0000 8.030 

I 
- 18.0000 8.118 

I 



I 
I 20.0000 8.256 

22.0000 8.344 

I 24.0000 8.414 
26.0000 8.489 
28.0000 8.540 

I 30.0000 8.590 
32.0000 8.653 
34.0000 8.703 

I 36.0000 8.747 
38.0000 8.785 

I 
40.0000 8.817 
42.0000 8.842 
44.0000 8.880 

I 
46.0000 8.911 
48.0000 8.943 
50.0000 8.968 

I 
52.0000 8.999 
54.0000 9.031 
56.0000 9.050 

I 58.0000 9.081 
-- 60.0000 9.087 

62.0000 9.125 

I 64.0000 9.150 
66.0000 9.169 
68.0000 9.188 

I 70.0000 9.213 
72.0000 9.232 
74.0000 9.257 

I 76.0000 9.257 
78.0000 9.289 
80.0000 9.301 

I 82.0000 9.320 
84.0000 9.333 
86.0000 9.352 

I 88.0000 9.352 
90.0000 9.383 
92.0000 9.390 

I 94.0000 9.396 
96.0000 9.402 

I 
98.0000 9.402 
100.000 9.421 
110.000 9.490 

I 
120.000 9.528 
130.000 9.566 

I 
I 



I 
I 

SE1000C 

I Environmental Logger 
08/16 18:54 

I Unit# 00033 Test 2 

Setups: INPUT 1 

I ------------ ---------
Type Level (F) 
Mode TOC 

I I. D. 00150 

I 
Reference 9.630 
Linearity 0.140 
Scale factor 19.870 

I 
Offset 0.140 
Delay mSEC 50.000 

I 
Step 0 08116 12:17:41 

Elapsed Time INPUT 1 

I ------------ ---------
0.0000 9.214 
0.0033 9.239 

I 0.0066 9.233 
0.0100 9.208 
0.0133 9.202 

I 0.0166 9.214 
0.0200 9.221 
0.0233 9.183 

I 0.0266 9.265 
0.0300 9.252 
0.0333 9.271 

I 0.0500 9.145 
0.0666 9.227 
0.0833 9.353 

I 0.1000 9.076 
0.1166 9.082 

I 
0.1333 9.120 
0.1500 9.139 
0.1666 9.158 

I 
0.1833 9.164 
0.2000 9.170 
0.2166 9.183 

I 
0.2333 9.195 

I 



I 
I 0.2500 9.208 

0.2666 9.214 

I 0.2833 9.221 
0.3000 9.063 
0.3166 9.170 

I 0.3333 9.202 
0.4166 9.233 
0.5000 9.258 

I 0.5833 9.265 
0.6666 9.277 

I 
0.7500 9.290 
0.8333 9.296 
0.9166 9.302 

I 
1.0000 9.315 
1.0833 9.321 
1.1666 9.327 

I 
1.2500 9.334 
1.3333 9.346 
1.4166 9.346 

I 
1.5000 9.353 
1.5833 9.359 
1.6666 9.365 

I 1.7500 9.372 
1.8333 9.372 
1.9166 9.378 

I 2.0000 9.378 
2.5000 9.403 
3.0000 9.416 

I 3.5000 9.434 
4.0000 9.447 
4.5000 9.460 

I 5.0000 9.478 
5.5000 9.478 
6.0000 9.491 

I 6.5000 9.497 
7.0000 9.504 
7.5000 9.510 

I 8.0000 9.510 
8.5000 9.516 

I 
9.0000 9.516 
9.5000 9.523 
10.0000 9.523 

I 
12.0000 9.548 
14.0000 9.554 
16.0000 9.554 

I 
18.0000 9.560 

I 



I 
I 20.0000 9.560 

22.0000 9.567 

I 24.0000 9.567 
26.0000 9.567 
28.0000 9.573 

I 30.0000 9.573 
32.0000 9.573 
34.0000 9.579 

I 36.0000 9.573 
38.0000 9.579 
40.0000 9.573 

I 42.0000 9.573 
44.0000 9.579 

I 
46.0000 9.579 
48.0000 9.579 
50.0000 9.585 

I 
52.0000 9.567 
54.0000 9.579 
56.0000 9.579 

I 
58.0000 9.573 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 

SE1000C 

I Environmental Logger 
08/16 18:56 

I Unit# 00033 Test 3 

Setups: INPUT 1 

I ------------ ---------
Type Level (F) 
Mode TOC 

I I. D. 00150 

I 
Reference 9.630 
Linearity 0.140 
Scale factor 19.870 

I 
Offset 0.140 
Delay mSEC 50.000 

I 
Step 0 08/16 13:23:25 

Elapsed Time INPUT 1 

I ------------ ---------
0.0000 7.414 
0.0033 8.239 

I 0.0066 7.150 
0.0100 7.710 
0.0133 8.050 

I 0.0166 8.182 
0.0200 8.358 
0.0233 8.805 

I 0.0266 8.113 
0.0300 7.509 
0.0333 7.987 

I 0.0500 8.308 
0.0666 8.610 
0.0833 8.509 

I 0.1000 8.604 
0.1166 8.522 

I 
0.1333 8.484 
0.1500 8.547 
0.1666 8.560 

I 
0.1833 8.755 
0.2000 8.616 
0.2166 8.472 

I 
0.2333 8.635 

I 



I 
I 0.2500 8.717 

0.2666 9.025 

I 0.2833 8.654 
0.3000 8.673 
0.3166 8.692 

I 0.3333 8.667 
0.4166 8.667 
0.5000 8.679 

I 0.5833 8.686 
0.6666 8.692 
0.7500 8.698 

I 0.8333 8.705 
0.9166 8.705 

_./ 1.0000 8.711 

I 1.0833 8.717 
1.1666 8.723 

I 
1.2500 8.723 
1.3333 8.730 
1.4166 8.730 

I 
1.5000 8.736 
1.5833 8.736 
1.6666 8.742 

I 1. 7500 8.749 
1.8333 8.749 
1.9166 8.755 

I 2.0000 8.755 
2.5000 8.774 
3.0000 8.780 

I 3.5000 8.793 
4.0000 8.805 
4.5000 8.812 

I 5.0000 8.824 
5.5000 8.830 

-- 6.0000 8.843 

I 6.5000 8.849 
7.0000 8.849 
7.5000 8.856 

I 8.0000 8.862 
8.5000 8.862 

I 
9.0000 8.868 
9.5000 8.868 
10.0000 8.874 

I 
12.0000 8.893 
14.0000 8.887 
16.0000 8.900 

I 
- 18.0000 8.900 

I 



I 
I 20.0000 8.906 

22.0000 8.906 

I 24.0000 8.906 
26.0000 8.912 
28.0000 8.919 

I 30.0000 8.912 
32.0000 8.919 
34.0000 8.919 

I 36.0000 8.906 
38.0000 8.919 
40.0000 8.919 

I 42.0000 8.919 
44.0000 8.919 

I 
46.0000 8.925 
48.0000 8.925 
50.0000 8.925 

I 
52.0000 8.925 
54.0000 8.925 
56.0000 8.931 

I 
58.0000 8.925 
60.0000 8.931 
62.0000 8.931 

I 64.0000 8.931 
66.0000 8.931 
68.0000 8.931 

I 70.0000 8.937 
72.0000 8.931 
74.0000 8.937 

I 76.0000 8.925 
78.0000 8.919 
80.0000 8.937 

I 82.0000 8.937 
84.0000 8.937 
86.0000 8.937 

I 88.0000 8.931 
90.0000 8.937 
92.0000 8.931 

I 94.0000 8.937 
96.0000 8.937 

I 
98.0000 8.937 
100.000 8.937 
110.000 8.931 

I 
I 
I 



I 
I 

SE1000C 

I Environmental Logger 
08/16 18:58 

I Unit# 00033 Test 4 

Setups: INPUT 1 

I ------------ --------
Type Level (F) 
Mode TOC 

I I.D. 00150 

Reference 10.500 

I Linearity 0.140 
Scale factor 19.870 

I 
Offset 0.140 
Delay mSEC 50.000 

I 
Step 0 08/16 15:29:21 

Elapsed Time INPUT 1 

------------ ---------

I 0.0000 8.101 
0.0033 8.372 

I 
0.0066 8.680 
0.0100 8.391 
0.0133 8.221 

I 
0.0166 8.108 
0.0200 7.906 
0.0233 8.007 

I 
0.0266 8.378 
0.0300 8.523 
0.0333 8.460 

I 0.0500 8.328 
0.0666 8.517 
0.0833 8.618 

I 0.1000 8.706 
0.1166 8.769 
0.1333 8.970 

I 0.1500 8.743 
0.1666 8.712 
0.1833 8.806 

I 0.2000 9.128 
0.2166 8.964 
0.2333 9.027 

I 
I 



I 
I 0.2500 9.027 

0.2666 9.102 

I 0.2833 9.178 
0.3000 9.159 
0.3166 9.190 

I 0.3333 9.159 
0.4166 9.216 
0.5000 9.272 

I 0.5833 9.291 
0.6666 9.323 

I 
0.7500 9.329 
0.8333 9.367 
0.9166 9.348 

I 
1.0000 9.367 
1.0833 9.373 
1.1666 9.386 

I 
1.2500 9.398 
1.3333 9.404 
1.4166 9.411 

I 
1.5000 9.423 
1.5833 9.430 
1.6666 9.436 

I 
1.7500 9.442 
1.8333 9.449 
1.9166 9.455 

I 2.0000 9.461 
2.5000 9.499 
3.0000 9.530 

I 3.5000 9.562 
4.0000 9.587 
4.5000 9.606 

I 5.0000 9.625 
5.5000 9.650 
6.0000 9.669 

I 6.5000 9.688 
7.0000 9.707 
7.5000 9.725 

I 8.0000 9.751 
8.5000 9.770 
9.0000 9.788 

I 9.5000 9.801 
10.0000 9.814 
12.0000 9.883 

I 14.0000 9.927 
16.0000 9.965 

I 
18.0000 9.984 

I 



I 
I 20.0000 10.009 

22.0000 10.034 

I 24.0000 10.047 
26.0000 10.047 
28.0000 10.072 

I 30.0000 10.078 
32.0000 10.078 
34.0000 10.097 

I 36.0000 10.122 
38.0000 10.135 
40.0000 10.147 

I 42.0000 10.153 
44.0000 10.166 

I 
46.0000 10.172 
48.0000 10.179 
50.0000 10.191 

I 
52.0000 10.191 
54.0000 10.198 
56.0000 10.191 

I 
58.0000 10.210 
60.0000 10.216 
62.0000 10.223 

I 
64.0000 10.223 
66.0000 10.216 
68.0000 10.229 

I 
70.0000 10.235 
72.0000 10.223 
74.0000 10.235 

I 76.0000 10.229 
78.0000 10.242 
80.0000 10.242 

I 82.0000 10.248 
84.0000 10.248 
86.0000 10.248 

I 88.0000 10.248 
90.0000 10.248 
92.0000 10.242 

I 94.0000 10.254 
96.0000 10.254 
98.0000 10.242 

I 100.000 10.254 

I 
I 
I 



I 
I ? 

SE1000C 

I Environmental Logger 
08/18 15:57 

I Unit# 00033 Test 5 

Setups: INPUT 1 

I ------------ ---------
Type Level (F) 
Mode TOC 

I J.D. 00150 

I 
Reference 9.450 
linearity 0.140 
Scale factor 19.870 

I 
Offset 0.140 
Delay mSEC 50.000 

I 
Step 0 08/17 17:46:23 

Elapsed Time INPUT 1 

I ------------ ---------
0.0000 8.267 
0.0033 8.260 

I 
0.0066 8.254 
0.0100 8.260 
0.0133 8.260 

I 0.0166 8.254 
0.0200 8.260 
0.0233 8.267 

I 0.0266 8.260 
0.0300 8.260 
0.0333 8.260 

I 0.0500 8.229 
0.0666 8.223 
0.0833 8.260 

I 0.1000 8.254 
0.1166 8.254 
0.1333 8.260 

I 0.1500 8.260 
0.1666 8.260 
0.1833 8.260 

I 0.2000 8.267 
0.2166 8.267 

I 
0.2333 8.267 

I 



I 
I 0.2500 8.267 

0.2666 8.273 

I 0.2833 8.267 
0.3000 8.273 
0.3166 8.273 

I 0.3333 8.273 
0.4166 8.279 
0.5000 8.286 

I 0.5833 8.292 
0.6666 8.292 
0.7500 8.298 

I 0.8333 8.305 
0.9166 8.292 

I 
1.0000 8.305 
1.0833 8.311 
1.1666 8.311 

I 
1.2500 8.317 
1.3333 8.317 
1.4166 8.323 

I 
1.5000 8.317 
1.5833 8.323 
1.6666 8.330 

I 1.7500 8.336 
1.8333 8.336 
1.9166 8.336 

I 2.0000 8.342 
2.5000 8.386 
3.0000 8.380 

I 3.5000 8.393 
4.0000 8.405 
4.5000 8.386 

I 5.0000 8.405 
5.5000 8.424 
6.0000 8.443 

I 6.5000 8.456 
7.0000 8.468 
7.5000 8.481 

I 8.0000 8.493 
8.5000 8.506 
9.0000 8.518 

I 9.5000 8.531 
10.0000 8.537 
12.0000 8.581 

I 14.0000 8.619 
16.0000 8.669 

I 
18.0000 8.701 

I 



I 
I 20.0000 8.732 

22.0000 8.751 

I 24.0000 8.789 
26.0000 8.820 
28.0000 8.839 

I 30.0000 8.871 
32.0000 8.890 
34.0000 8.909 

I 36.0000 8.927 
38.0000 8.946 

I 
40.0000 8.965 
42.0000 8.984 
44.0000 9.003 

I 
46.0000 9.015 
48.0000 9.034 
50.0000 9.047 

I 
52.0000 9.059 
54.0000 9.078 
56.0000 9.085 

I 
58.0000 9.104 
60.0000 9.110 
62.0000 9.129 

I 
64.0000 9.122 
66.0000 9.148 
68.0000 9.154 

I 70.0000 9.166 
72.0000 9.179 
74.0000 9.185 

I 76.0000 9.179 
78.0000 9.204 
80.0000 9.210 

I 82.0000 9.217 
84.0000 9.223 
86.0000 9.229 

I 88.0000 9.242 
90.0000 9.248 
92.0000 9.236 

I 94.0000 9.254 
96.0000 9.261 
98.0000 9.267 

I 100.000 9.261 
110.000 9.292 

I 
I 
I 
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